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HETEROAROMATIC PENTADIENOIC ACID DERIVATIVES USEFUL AS INHIBITORS OF BONE 
RESORPTION 

This invention relates to cenain novel compounds, to a process for preparing such 
compounds, to pharmaceutical compositions containing such compounds and to the use of 
5 such compounds and compositions in medicine, 

Co-pending International Application, application number PCX/ EP96/ 00157 
discloses certain indole derivatives which are indicated to reduce bone resorption by 
inhibiting osteoclast H***-ATPase. 

Diseases associated with loss of bone mass are known to be caused by over activity 
10 of osteoclast cells. It is also known thai certain compounds, usually related to 

bafilomycin, are useful for treating such diseases: For example International Patent 
Application, publication number WO 91/06296 discloses certain bafilomycin macrolides 
for the n-eatment of bone affecting diseases. 

However, bafilomycin derivatives are not selective for osteoclasts in humans. The 
15 use of these compounds is therefore associated with unacceptable toxicity due to 

generalised blockade of other essential v-ATPases. Indeed, to date there is no known 
treatment which is selective for the human osteoclasts. 

The search for a successful treatment for diseases associated with loss of bone 
mass in humans is further complicated in that the nature of the therapeutic target for the 

20 selective inhibition of the osteoclasts is connwersial. Thus Baron et al (International 
Patent Application publication number WO93/0128()) indicate that a specific vacuolar 
ATPase (V-ATPase) has been identified in osteoclasts as a potential therapeutic target.-;* 
However, the Baron work was carried out in chickens and Hall et al (Bone and Mineral 
27, 1994, 159-166), in a study relating to mammals, conclude that in contrast to avian 

25 osteoclast V -ATPase, mammalian osteoclast V- ATPase is pharmacologically similar to the 
v-ATPase in other cells and, therefore, it is unlikely to be a good therapeutic target. 

We have now found a group of compounds which are selective for mammalian 
osteoclasts, acting to selectively inhibit their bone resorbing activity. These compounds 
are therefore considered to be particularly u.seful for the treatment and/or prophylaxis of 
30 diseases associated with loss of bone mass, such as osteoporosis and related osieopenic 

diseases, Paget's disea.se, hyperparathyroidism and related diseases. These compounds are 
also considered to possess anti-rumour activity, antiviral activity (for example against 
Semliki Foresu Vesicular Siomatuis. Newcastle Disease, Influenza A and B, HIV viruses), 
antiulcer activity (for example the compounds may be useful for the treatment of chronic 
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gas.ri.is ;uul ,H.p.ic ulcvr i.uU.cccJ l>y /Micnhaaar pylori), immunosupressant activity 
ant.!,p,dcmic .ciivity, an.inihcrosc lcrotic activity and to be useful for the treatmer>t of 
AIDS and Alzhcinicr's disease. In a further aspect, these compounds are also considered 
useful ,M nih.b.nng angioi-oncsis, i.e. the formation of new blood vessels which is observed 
in various types of paihoiogical conditions (angioficnic diseases) such as rheumatoid 
arthritis, diabetic retinopathy, psoriasis and solid tumours. 

Accordingly, the present invention provides a compound of formula (I): 




(I) 

or a salt thereof, or a solvate thereof, wherein: 

R] represents an alkyi group or a substituted or unsubstituted aryl group; 

R2. R3 and R4 each independently represent hydrogen, alkyl. aryl or substituted aryl; 

R5 and R6 each independently represents hydrogen, hydroxy, amino, alkoxy. optionally 

substituted aryloxy. optionally substituted benzyloxy, alkyiamino, dialkylamino, halo 

trinuoromcthyl, trifluoromethoxy, n.tro. aikyl, carboxy. carbalkoxy. carbamoyl 

alkylcarbamoyi, or R5 and R6 together represent methylenedioxy. carbonyldioxy or 

carbonyldiamino; 

X represents a hydroxy or an alkoxy group wherein the alkyl group may be substituted or 
unsubstituted or X represents a group NRsRj wherein R3 and R, each independently 
represent hydrogen, alkyl. substituted alkyl. optionally substituted alkenyl. optionally 
substituted aryl, optionally substituted arylalkyl, an optionally substituted heterocvclic 
group or an optionally substituted heterocyclylalkyl group, or R, and R^ together with the 
nitrogen to which they are attached fomi a heterocyclic group; and 

Y represents O or S and Z represents CH. CH=CH or N; or 

Y represents NR7 whereui Rj represents hydrogen, hydroxy, alkanoyl. aikyl. aminoalkyl 
hydroxyalkyl, carboxyalkyl, carbalkoxyalkyl. carbamoyl or aminosulphonyl and Z 
represents CH=CH or N. 

Suitably. Y represents O or S and Z represents CH. CH=CH or N. especially CH 
orCH=CH. 

In one a.spect R , represents alkyl. alkoxyalkyi or substituted or unsubstituted 

phenyl. 

Suitably, R , represents a C|.4-alkyl group, for example methyl or ethyl. 

-2- 
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Prcrcnibly, K| rcprcscius incihyl. 

In one aspect, '^3 '^4 ^"^^''^ independeiuly represent hydiogen, alkyl or 

phenyl. 

An example orR2 is hydrogen. 
An example of R3 is hydrogen. 
An example of R4 is hydrogen. 

Suitably, R5 and R^ each independently represents hydrogen or a halo atom. 
When R5 or Rc^ represents halo, said halo group is suitably a fluoro or chloro 

group. 

An example of a halo is chloro. 

Suitable positions for substitution for R3 or R5 are the 4, 5, 6 or 7 position, 
favourably the 5 or 6 position. 

When X represents an alkoxy group, the alkyl group thereof is preferably an 
unsubstituted alkyl group. 

An example of an alkoxy group represented by X is a meihoxy group. 

Suitably, X represents the above defined group N Rj^ R^. 

When Rj^ or Rj represent alkyl or substituted alkyU suitable alkyl groups are Cj.^ 
alkyl groups, for example C|, C2. C3, C4 and C5 alky] groups, favourably ethyl, propyl 
or butyl. 

When R<; or R^ represent substituted alkyl, favoured groups are 2- 
(dialkylamino)ethyl or 3-(dialkylamino)propyI or 4-(dialkylamino)buiyl or 
heterocyclylmethyl or heterocyclylethyl or heierocyclylpropyl groups, especially 3 - 
(dialkylamino) propyl groups. An example of a 3 - (dialkylamino) propyl group is a 3 - 
(diethylamino) propyl group. 

When R^; or R( represent alkenyl or sub.srituted alkenyl, suitable alkenyl groups are 
C2-6 alkenyl groups, for example a C5 alkenyl group. 

When R^; or Rj represent aryl or substituted aryi, suitable aryl groups are phenyl 

groups. 

In one aspect, Rj; and R( logeilier represent a heterocyclic group. 
In one favoiued aspect R^ is hydrogcii. 

A particular 6 mcmhcrcd, saturated heterocyclic group is a group of formula (HI): 
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wherein Xi . X2. X3. X4. X5, Xfi. X7 and Xr are each independently selected from 
hydrogen, hydroxy. (C.-Q.). alkyl cycloalkyl (spirocondensed). mono or poly 
hydroxyalkyl. aikoxyalkyl. hydroxy-alkoxyalkyl. alkanoyl. alkoxycarbonyl. atTiinoalkyl 
(optionally alkylated oracylated at nitrogen); 

or one of X4 with X^ and X. with Xj, represents a C2.4 alkylene chain and the remaining 
vanables X, . X3, X7 and X7 each independently represent hydrogen, hydroxy, lower alkyl 
(C,-Q). cycloalkyl (spirocondensed). mono or poly hydroxyalkyl. aikoxyalkyl, hydroxy- 
alkoxyalkyl. alkanoyl. alkoxycarbonyl. aminoalkyl (optionally alkylated or acylated at 
nitrogen); and X5 rept^sents hydrogen or lower alkyl. mono or polyhydioxyalkyl. mono 
or d.am.noalkyl, aminocarbonyl. alkyl, carboxyalkyl, carbalkoxyalkyl. aryl. heterocyclyl 
acyl. carbamoyl, alkylamino{cyanimidoyl). aminoalkanoyl. hydroxyalkanoyl. 
Suitably, X] , X2, X^ and X9 each represent hydrogen. 

Suitably, X3, and X4 each independently represent hydrogen or alkyl, especially 
alkyl. ^ 

Suitably. X5 and X7 each independently represent hydrogen or alkyl. 
Suitably. X5 represents alkyl 

In one preferred aspect X3, X4. Xfi and X7 each independently represent alkyl 
especially methyl and X I , X2. Xr and Xc; each represent hydrogen. 

Particular examples of the invention are the compounds of example numbers 3 5 
8. 9 and 12. v ■ . , 

As used herein, the temi "alkyl" includes straight or branched chain alkyl groups 
havmg from ] to 12 . suitably I to 6. preferably 1 to 4. carbon atoms, such as methyl 
ethyl, n- and iso- propyl and n- iso-, tcn-butyl and pentyl group.s. and also includes such 
alkyl groups when forming pan of other groups such as alkoxy or alkanoyl groups. 

Suitable optional substituents for any alkyl group include hydroxy; alkoxy a group 
of fomiula NR„R, wherein R, and R, each independently represent hydrogen, optionally 

-4- 
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substituted alkyi, optionally substituted cycloalkyi, optionally substituted aryl, optionally 
substituted aiylalkyl, optionally substituted heterocyclyl, optionally substituted 
heierocyclylalkyl, carboxy. carboxyalkyi, or alkoxycarbonyl. nitro, or and Ry together 
together with the nitrogen to which they are auached form an optionally substituted 
5 heterocyclic ring; carboxy; alkoxyciu*bonyl; alkoxycarbonylalkyl; alkylcarbonyloxy; 

alkylcarbonyl; mono-and di-alkylphosphonate; optionally substituted aryl; and optionally 
substituted heterocyclyl. 

A preferred alkyl substiiueni is NR^jRy^ wherein Ry and Ry each independently 
represent hydrogen, optionally substituted aryl, optionally substituted arylalkyl, optionally 
10 substituted heterocyclyl, optionally substituted heterocyclylalkyl or and Ry together 
together with the nitrogen to which they are auached form an optionally substituted 
heterocyclic ring. 

As used herein, the term "alkenyl" includes straight or branched chain alkenyl 
groups having from 2 to 12 , suitably 2 to 6 carbon and also includes such groups when 
15 forming part of other groups, an example is a buienyl group, such as a 2-butenyl group. 

Suitable optional substitiients for any alkenyl group includes the alkyl substituents 
mentioned above. 

As used herein, the term "aryl*' includes phenyl and tiaphthyl, especially phenyl. 

Suitable optional substituents for any aryl group include up to 5 substituents, 
20 suitably up to 3 substituents, selected from alkyl, substituted alkyl, alkoxy, hydroxy, 
halogen, trifluoromethyl, acetyl, cyano. nitro, amino, mono-and di-alkylamino and 
alkylcarbonylamino. 

Preferred optional substituents for any aryl group are selected from isobutyl, 
hydroxy, methoxy, phenoxy, diethylaminoethoxy, pyrrolidinoethoxy, carboxymethoxy, 
25 pyridyloxy, fluoro, chloro, amino, dimethylamino, aminomethyl, morpholino, 
bis(carbethoxy)hydroxymethyl, 

Suitable arylalkyl groups include aryl-C ] .3-alkyl groups such as phenylethyl and 
benzyl groups, especially benzyl. 

Preferably, substituted aralkyl groups are substituted in the aryl moiety. 

30 As used herein, the terms "heterocyclyl" or '^heterocyclic" include saturated or 

unsaturated single or fused, including spiro, ring heterocyclic groups, each ring having 4 to 
1 1 ring atoms , especially 5 to 8, preferably 5. 6 or 7 which ring atoms include 1, 2 or 3 
heieroatoms selected from O, S, or N. 
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Suitable hererocyclic groups include single ring saturated heterocyclic groups, 
single ring unsaturated heterocyclic groups, fused ring heterocyclic groups. 

Fused ring heterocyclic groups include spiro heterocyclic groups. 

Suitable single ring unsaturated heterocyclic groups comprise 5-, 6- or 7- 
5 membered rings. 

Suitable 5-membered single ring unsaturated heterocyclic groups are furanyl, 
thienyl. pyrrolyl. pyrazolyl. imidazolyl. triazoiyl. tetrazolyl. oxazolyl. isoxazolyl. fura'zanyl. 
thiazolyl and isothiazolyl groups; or partially saturated derivatives thereof, such as 4.5- 
dihydro-1 .3-thiazo]-2-yl. 1 H-imidazolinyl, pyrrolinyl, pyrazolinyl, oxazolinyl, isoxazolinyl, 
10 thiazolinyl groups. 

Suitable 6-niembered single ring unsaturated heterocyciic groups are pyridyl. 
pyrimidinyl, pyridazinyl. pyraziny], triazinyl, terrazinyl. 1,2- or 1,3- or 1 ,4-oxazinyI. 1.2- 
or 1.3- or 1,4-thiazinyl and pyranyj groups, or partially saturated derivatives thereof such 
as 1,2- or 1.3- or 1.4- dihydrooxazinyl. 1 .4-dihydropyridyl. dihydropyridazinyl, 
15 dihydropyrazinyl or dihydropyrimidinyl. 

Suitable 7-membered single ring un.saturated heterocyclic groups are azepinyl. 
oxepinyl. diazepinyl. thiazepinyl, oxazepinyl or panially saturated derivatives thereof. 

Suitable, single ring saturated heterocyclic groups comprise 5-. 6- or 7- membered 



20 



25 



30 



nngs 



Suitable 5-membered single ring saturated heterocyclic groups are pyrrolidinyl. 
imidazolidinyl, pyrazolidinyl. oxazolidinyl, i.soxazolidinyi and terahydrofuranyl groups. 

Suitable 6-membered single ring saturated heterocyclic groups are piperidinyl, 
piperazinyl, tetrahydropyranyl, 1.3-dioxacyclohexyl. ten-ahydro- 1,4-thiazinyl, morpholinyl 
and morpholino groups. 

Suitable 7-membered single ring saturated heterocyclic groups are 
hexamethyleniminyl, oxepanyl and thiepanyl. 

Suitable fused ring heterocyclic groups include fused .saturated rings, fused 
unsaturated rings and saturated rings fused lo unsatmated rings. 

Suitable groups having fused saturated rings are quiiuiclidyl. 8- 
a2abicyclof3.2.1|octyl,9-azabicyclo|3.3,] |nonyi, I -azabicyclo|3.3.3)undecyI, 1,9- 
diazabicyclof3.3.1]nonyl and 1.5-diazabicyclo(3.3.l |nonyl groups. 

Suitable groups having fused uMsamrated rings are pyrazo|3.4-dJpyrimidinyl, 
I,2,5-thiadiazolor3.4-bIpyridyl.i.soxazolo|4.5-b|pyridyl. thiazolof4,5-blpyridyl. 

-6- 
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oxa2olo|4,5-d|pyrimidinyl, 7H-purin-2-yl, qiiinolyl, isocjuinolyl, benzorbJthienyU 
benzofuranyK isobenzofuranyl, benzoxazolyl, benzoihiazolyl, indolizinyl, indolyl, 
isoindolyl, indazolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 
ptcridinyl and P-carbolinyl groups. 

5 Suitable groups having saturated rings fused to unsaturated rings includes groups 

which are fused to benzene rings such as tetrahydrocjuinolyl, 4H-quinolizinyU 
tetrahydroiscKiuinolyl, dihydrobenzofuryl, chromenyl, chromanyK isochromanyl, indolinyl 
and isoindolinyl groups. 

Suitable spiro heterocyclic groups include oxaspiroI4.5]decyK 
10 azaspiro(4.5]decyI,].2,4- triazaspirof5.5|undecyl, ],4-dioxa-9-azaspirof4.7]dodecyl and 1- 
azaspirol 5 . 5 1 u ndecy 1 

Suitable opnonal substituents for any hctcrocyciyi or heterocyclic group include up 
to 5 substituents, suitably up to 3 substituents, selected from alkyl, substituted alkyl, 
alkoxy, hydroxy, halo, amino, mono- or di-alkyl amino, alkoxycarbonyl, hydroxyalkyl, 
1 5 alkoxyalkyi, hydroxyalkoxyalkyl, alkoxyalkyloxyalkyl, aryl, aryloxy and heterocyclyL 

Prefeired optional substituents for any heterocyclyl or heterocyclic group are 
selected from isobuiyl, hydroxy, methoxy, phenoxy, diethylaminoethoxy, 
pyrrolidinoethoxy, carboxymeihoxy, pyridyloxy, fluoro, chloro, amino, dimethylamino, 
aminomethyl, morpholino, bis(carbeihoxy)hydroxymethyl. ■ 

20 For the avoid;mce ofdoubi a reference herein to "heierocylic" includes a reference 

to "heterocyclyl". ^f? 

As used herein, the term "hiilo" includes fluoro, chloro and bromo, suitably fluoro 
and chloro, favourably chloro. ^' 

Certain of the carbon atoms of the compounds of fomuila (l) - such as those 
25 compounds wherein R1-R4 contains chiral alkyl chains are chiral carbon atoms and may 
therefore provide stereoisomers of the compound of formula (1). The invention extends to 
all stereoisomeric fomis of the compounds of fonnula (I) including enantiomers and 
mixtures thereof, including racemates. The differeiu stereoisomeric forms may be 
separated or resolved one from the other by conventional methods or any given isomer 
30 may be obtained by conventional stereospecific or asymmetric syntheses. 

The compounds of formula (1) also possess two double bonds and hence can exist 
in one or more geometric isomers. The invention extends to all such isomeric forms of the 
compounds of formula (!) including mixtures thereof. The different isomeric forms may be 
separated one from the other by conventional methods or atiy given isomer may be 

-7- 
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Obtained by conventional synthetic methods. Suitable salts of the compounds of the 
fomnila (I) are phamiaceutically acceptable salts. 

Suitable phamiaceutically acceptable salts include acid addition salts and salts of 
carboxy groups. 

Suitable pharmaceutically acceptable acid addition salts include salts with inorganic 
acids such, for example, as hydrochloric acid, hydrobromic acid, orthophosphoric acid or 
sulphuric acid, or with organic acids such, for example as methanesulphonic acid 
toluenesulphonic acid, acetic acid, propionic acid, lactic acid, citric acid, fumaric acid, 
mahc acid, succinic acid, salicylic acid, maleic acid or acetylsalicylic acid. 

Suitable pharmaceutically acceptable salts of carboxy groups include metal salts, 
such as for example aluminium, alkali metal salts such as sodium or potassium and lithium 
alkahne earth metal salts such as calcum or magnesium and ammonium or substituted 
ammonium salts, for example those with C,.^ alkylam.nes such as tr.ethylamine. hydroxy- 
Ci.6 alkylamines such as.2-hydroxyethylamine, bis-(2- hydroxyethy!)-amine or 
tri-(2-hydroxyethyl)-amine, cycloalkylamines st.ch as dicyclohexylamine. or with procaine 
1.4-diben2ylpiperidine, N-lienzyI-|i-phenethylaniine. dehydroabietylam.ne. 
N.N'-bisdehydroabietylamine. glucamine, N-n,cthylglucamine or bases of the pyridine type 
such as pyridine, collidine or quinoline. 

Suitable solvates of the compounds of the formula (I) are phamiaceutically 
20 acceptable solvates, such as hydrates. 

The salts and/or .solvates of the compounds of the formula (1) which are not 
pharmaceutically acceptable may be useful a.s .ntemicdiates in the preparation of 
pharmaceutically acceptable .salts and/or solvates ot compounds of fomiula (1) or the 
compounds of the fomiula (I) themselves, and as such fotiii another aspect of the present 
25 invention. 

A compound of fomiula (1) or a salt thereof or a .solvate thereof, may be prepared: 
by reacting a compound of formula (II ): 



15 




(II) 



-X- 
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wherein R->, R3, R4. R5, R^,, Y and Z are as defined in relation to formula (I), with a 




3 

O 



reagent capable of converting a moiety of formula p p into a moiety of 
formula (a); 

9 




«^ - (a) 

wherein R j, R2, R3, R4 and X are as defined in relation 10 formula (1); 
and thereafter, as necessary, carrying out one or more of the following reactions: 

(i) convening one compound of fomiula (I) into another compound of formula (I); 

(ii) removing any protecting group; 

(iii) preparing a salt or a solvate of the compound so fomied. -^^ 



A suitable reagent capable of converting a moiety of the above defined formula 
R R 

^ into a moiety of the above defined fomiula (a), includes conventional 
reagents used to conven C=0 bonds into carbon carbon double bonds, such as Wiitig or 
Horner-Emmons reagents, tor example a compound of formula (III): 




X,o-CH-CO-X, 

0^1 (III) 

wherein R | is as defined in relation to the compounds of fomiula (I), X9 represents X as 
defined in relation to formula (I) or a iiroup convertible thereto and X]() represents a 
moiety (RxO)2P(0)- wherein is C i .4 alkyl, especially ethyK or X jo is a group Ph3P-. 

20 The reaction between the compounds of formula (II) and the reagent capable of 




R R 

convening liie group of formula * uno the moiety of formula (a), may be 



.0. 
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carried out under the appropriate conventional conditions, depending upon the particular 
reagent chosen, for example: 

When the reagent is a compound of fomnila (III) wherein Xjq is a moiety 
(R80)2P(0)-. then the reaction is carried out under conventional Homer-Emmons 
conditions, using any suitable, aprotic solvent for example an aromaric hydrocarbon such 
as benzene, toluene or xylene. DMF. DMSO. chloroform, preferably, dichloromethane. 
dioxane. THF. acetonitrile, N-methylpyrrolidonc, and the like or mixtures thereof, 
preferably an anhydrous solvent, at a temperature providing a suitable rate of fomiation of 
the required product, conveniently at ambient temperature or at an elevated temperature 
such as a temperature in the range of from .lO^C to 1 20«'C. for examples 90«C; preferably 
the reaction is conducted in the presence of a base. 

Suitable bases for use in the last above mentioned reaction include organic bases 
such as butyl lithium, lithium diisopropylamide (LDA). N.N-diisopropylethylamine 1 5- 
diazabicyclor4.3.0|-5-nonene (DBN), preferably. 1.5.diazabicyclo[5.4.0]-5.undecene' 
(DBU), l,5-diazabicyclo(2.2.2|octane (DABCO) . and inorganic bases, such as sodium 
hydnde; and generally the reaction is carried out in an inert atmosphere such as nitrogen. 

When the reagent is a compound of fonnula (III) wherein X jq is a moiety Ph^P- 
then the reaction is carried out under conventional Wittig conditions. Usually, the reaction 
IS catTied out in the presence of a ba.se. in any suitable aprotic .solvent. Suitable bases are 
organic bases such as triethylamine, trimethylamine, N.N-dii.sopropylethylamine (DIPEA) 
pyridine, N.N-dimethyianiline, N-methyimorphoiine. 1 ,.S-diazabicycIo|4.3.0|-5-nonene 
(DBN), l,.5-diazabicycloI5.4.0|-.S-imdecene (DBU), l..^-diazabicyclo|2.2.21octane 
(DABCO) and inorganic bases such as sodium hydnde, caesium carbonate, potassium 
carbonate, preferably sodium hydnde. Suitable solvenis are conventional solvents for use 
in this type of reaction, such as aromatic hydrocarl>ons such as benzene, toluene or xylene 
or the like: DMF. DMSO, chloroform, d.oxane. dichloromethane, THF, ethyl acetate, 
acetonitrile. N-methylpynolidone or mixiures liiereof, preferably dichloromethane. This 
reaction is carried out at any temperature providing a suitable rate of formation of the 
required product, conveniently at ambient temperature or at an elevated temperature such 
as a temperature in the range of from -2()«C to 14()°C. preferably in the range of from 
about room temperature to the reHux temperature of the .solvent. 

Suitably, in the compound of fomn.la (111). Xc; repie.sents X when a hydroxy or 
alkoxy group in which the alkyl group may be substituted or unsubstituted; the compound 
of formula (I) prepared therefrom is then suitably converted to further compounds of 
35 formula (I) using methods described below. 
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A compound of formula (II) may be prepared according co the reaction sequences 
shown in Schemes (la-c) below 

Scheme (la) 




H H 

(V) (VI) (II) 
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wherein, subject to any qualification mentioned below R2. R3. R4, R^. r^. x. Y and Z are 
as defined in relation to the compounds of formula (I) 

Compounds of formula (II) may be prepared by the Wittig reaction of keto 
derivatives of formula (IV) with an appropriate phosphonium salt or by reaction of keto 
derivative (IV) with an appropriate Homer Emmons reagent. Respective reaction 
conditions are the appropriate conventional conditions, for example for the Wittig reaction 
those described in "The Wittig Reaction", R. Adams Ed.. Vol. 14. p. 270 (1965) or in 
Anftew. Chem. Int. Ed. Engl., 4. 645 (1965) and for the Horner Emmons reaction those 
reported, m Tetrahedron Lett. 1981. 461; Can. J. Cham., 55. 562 (1997). 

J.Am.Chcm.Soc.. 102. ^?>90 i\9m)U Qrf^.Chem.. 4A,1^9 0919)- Synthe.se... 1982 391- 
^r\6TeirahedronLc.tl. V)H1,2\^7>. 

When R2 is other than -H . e.g. alkyl, a compound of fomiula (II) is obtained 
directly from a compound of formula (IV) by Wittig or Horner-Emmons reaction with the 
appropriate phosphonium salts or phosphonates according to Scheme (la). 

The reaction of compounds of fomnila (IV) with the above mentioned 
pho.sphonium salts ;u-e carried out in the presence of a base in any suitable solvent 
Suitable bases include organic ba.ses, such as triethylamine. triniethylamine N N- 
dusopropylethylamine (DIPEA). pyridine. N.N-dimethylani!i„e. N-methylmorpholine 1 5- 
diazabicyclof 4.3.0 l-5-nonene (DDN). 1 ,5-diaz;.bicyclo|5.4.()]-5-undecene (DBU) 1 5- ' 
diazab,cyclo(2.2.21octane (DABCO) and inorganic bases, such a.s sodium hydride, 
caesium carbonate, potassium carlx.na.e. Suiinble solvents include conventionally used 
solvents, for example aromatic hydrocarbons such as benzene, toluene or xylene or the 
hke; DMF. DMSO. chloroform, dioxane, dichloromethane, THF, ethyl acetate 
acetonitrile, N-methylpynolidone and the l.kc or m.x.ures .hereof. Preferably, ihe reaction 
is carried out at a reaction temperature of in the ninge of about-2()°C to 140°C, preferably 
about room temperature to the reflux temperature of the solvent. 

The reaction of compounds of formt.la (IV) with phosphonates are carried out 
under conventional Homer-Emmons condi.ion.s. tising any suitable, aprotic solvent for 
example an aromatic hydrocarbon such as benzene, toluene or xylene. DMF. DMSO. 
30 chloroform, dioxane. dichloromethane, preferably, THF. acetonitrile, N- 

methylpyrrolidone, and the like or mixtures thereof, preferably an anhydrous solvent at a 
temperature providing a suitable rate of formation of the required product, conveniently at 
ambient temperature or at an elevated temperature, such as a temperature in the range of 
from 30OC to 120°C; preferably the reaction is conducted in the presence of a base 
Suitable ba.ses for use in this reaction include organic bases, such as butyl lithium, Hth.um 
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diisopropylamide (LDA), N,N-diisopropylethylamine, 1.5-diazabicycIof4.3.0]-5-nonene 
(DBN), 1.5-diazabicyclof5.4.0]'5-iindeccnc (DBU). U5-diazabicyclo[2.2.2]octane 
(DABCO) , and inorganic bases, such as sodium hydride ; preferably sodium hydride, and 
generally the reaction is carried out in an inert atmosphere such as nitrogen. 

For compounds of formula (!) wherein R2 and R4 = H, an aldehyde of formula (V) 
is reacted with an aliphatic aldehyde of formula (VI) (Scheme (lb)), in presence of an 
inorganic base such as sodium or potassium hydroxide affording compound (II) using the 
appropriate conventional procedure. 

Alternatively, compounds of fomiula (I) wherein R2 and R4 = H may be prepared 
as shown in Scheme (Ic) in which a compound of fomiula (IV) is reacted with a 
substituted carbethoxymeihylphosphonium salt or carbeihoxymethylphosphonatc, the 
resulting carboxylic ester (VTI) is then convened into the corresponding alcohol by 
reduction agent, suitably using a complex metal reducing agent such as lithium aluminium 
hydride CLiAIH4), diisobutyl aluminium hydride (DIBAH) or lithium borohydride 
(LiBH4), in any suitable aprotic solvent for example methylene dichloride, chloroform, 
dioxane, diethyl ether or THF, at any temperature providing a suitable rate of formation of 
the required product, such as a temperature in the range of from -30^C to 60°C, for 
example at room tempenuure. The intermediate alcohol is then oxidised to aldehyde (II) 
with an oxidising agent such as manganese dioxide, periodinane (Dess-Martin reagent), 
pyridinium chlorochromate (PCC) or pyridinium dichromate (PDC) or a combination of 
oxalyl chloride and DMSO (Swern reaction), preferably manganese dioxide in methylene 
dichloride. 

The compounds of formula (111) can be prepared according to the reaction 
sequence shown in Scheme (11) below: 



wherein, subject to any qualification mentioned below, R i and are as defined in 
relation to fomiula (I) and Xi; is as defined in relation to formula (111). 

.13- 



Scheme (II) 




(X) 
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The staning material is an a-alkoxycarboxylic ester of formula (VIII) which is 
commercially available or which is prepared according to the methods known in the an, 
for example those reported in Rodd's Chemistry of Organic Compounds. Vol ID, p. 96 
(1965), S. Coffey Ed., Elseviers. The compound of fomiula (VIII) is reacted with an N- 
5 haloimide, for example N-bromosuccinimide in the presence of a radical producing agent 
such as azobisisobutyrronitrile or benzoyl peroxide in a suitable solvent such as carbon 
tetrachloride, benzene, for example carbon tetrachloride and at areaction temperature in 
the range of from 

-30°C and 80°C, for example at room temperature; examples of such a reaction may be 
10 found in the literature, for example ./. Org.Chem.. 41 , 2846 ( 1 976). The halocompound 
obtained, of fomiula (IX), is then reacted either with triphenylphosphine or with a trialkyl 
phosphite P(OR8)3 to give the required compound of formula (III) as shown in Scheme 
(ID- 

When the compound of fomiula (IX) is reacted with triphenylphosphine, the 
15 reaction is perfomied in any conventionally used solvent , for example dioxane, 

tetrahydrofuran, . benzene, xylene or, preferably, toluene at a suitable reaction temperature 
in the range of from -30°C to 8()°C, for example at room temperature (examples of this 
conversion are reported in the literature, for example in Chem. Ber., 97, 1713 (1964)). 

When the compound of formula (IX) is reacted with trialkyl phosphite P(OR8)3, 
20 the reaction is perfomied in any conventionally used solvent, pieferably the trialkyl 

phosphite, and at a suitable reaction temperature, preferably at the boiling point of the 
solvent (examples of thi.'-, conversion are reported in the literature, for example in Liebigs 
Ann. Chem., 699. 53 (1966). 

Alternatively, a compound of fomiulii (III) in which R2 is (RgO)2PO may be 
25 prepared using the procedure depicted in Scheme (II). by reacting a 

diazopho-sphonoacetates of fomiula (X) with an alcohol or phenolof formula RjOH, 
wherein R^ is as defined in relation ro fomnila (1), in the presence of rhodium" acetate as 
described in the literature, for example in Tetrahedron, 50, 3177 (1994) or in 
Tetrahedron, 48, 399 1 ( 1 992). 



30 



The compounds of fomiula (IV) wherein R4 is other than hydrogen are known 
compounds or they are prepared using methods analogous to those used to prepare 
known compounds, such as those described in ./. Or^. Chem., 47. 757 (1982); 
Hctcrocycles, 22, 121 1 (1984); Tetrahedron, 44.443 (1988). 
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Also, the compounds of formula (IV) wherein R4 is other than hydrogen can be 
prepared from aldehydes of fomiula (V) according to the following scheme: 



1.3-propandithiol 
(V) ► 



R 




'11 s 




(XII) 



H 



1) nBuLi 

2) R4Hal 



Hg 



2+ 



(IV) 




(XMI) 

Reaction of compound (V) with 1 ,3-propandithiol 10 give compound (Xil) is 
carried out in the presence on a catalytic amount of acid, suitably p-toluenesulphonic acid, 
in toluene at the refluxing temperature in a Dean-Stark apparatus and removing 
azeotropically the water formed. Alkylation of compound (XII) with R4Hal, in which Hal 
is an halogen « suitably bromo or iodo, is carried out in the presence of a base such as butyl 
lithium in anhydrous THF under an inert aihmospliere at a temperature of betweeen -30^C 
to room temperature (see, for example: Tcrrahcdron, 44, 443-450, 1988). Conversion of 
compound (XllI) to compound (IV) can be performed with mercury salts. 



The compounds of formula (V) wherein Y is O and Z is CH. or wherein Y is N and 
15 Z is CH=CH, are commercially available compounds. 

The compounds of fomnila (V) wherein Y is O, S or NH and Z is N or CH can be 
prepared by reaction of paraldehyde with a of compound formula (XI); 




(XI) 

-15- 
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wherein R^- is iis ticl iiicil in ivlalion lo lonnuln (I) or a protected fonn thereof and Rg- 
is Re, as dcl incd in relation lo lonniila (I) or a protected form thereof and X and Z are as 
defined in relation to fornnila (I). 

The reaction between the conipomid of fornnila (XI) and paraldehyde is 
conveniently carried out in an aprotic solvent .such as acetonitile in the presence of 
hydrogen peroxide/ferrous sulphate, usually at an elevated temperature such as the reflux 
temperature of the solvent. 

The compoimds of formula (VI) and (VIII) are known compounds or they are 
prepared using methods analogous to those u.sed to prepare known compounds, such as 
those described in .1. March. Advanced Organic Chemistry. .3rd Edition (1985), Wiley 
Intersciencc. 



The compoimds of formula (XI) are known compounds or they are prepared using 
methods analogous to those used to prepare known compounds, such as those described 
in "Rodd's Chemistry cf ccirhon compounds". Second Edition. S. Coffey and M.F. Ansell 
15 Ed., Vol. IV, Part C. Elseviers, 1986 and .Supplement to the Second Edition. M.F. Ansell 
Ed., Vol. IV, Part C. Elseviers. 1994 

Suitable conversions of one compound of fomiula (I) into another compound of 
formula (1) includes converting a compound of formula (l) wherein X represents a hydroxy 
group or an alkoxy group into a compound of fornnila (I) wherein X represents a different 
20 alkoxy group or a moiety of the above defined foninila NR^R,. Such conversions are 
shown below in Scheme (III): 

Scheme (III) 
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(X-NRgR,) (X^OR) 



wherein, subject to any qualification mentioned below, R2, R3, R4, R5, Rft^ ^7' ^8* ^» ^ 
and Z are as defined in relation 10 the compounds of formula (I), R^- is or a protected 

5 form thereof, Rj' is Rj or a protected form thereof and R' is X when X is an alkoxy group. 

The conversion of one compound of formula (1) into another compound of formula 
(I) may be carried out using the appropriate conventional procedure; for example^ the 
above mentioned convetsion of a compound wherein X represents a hydroxy group or an 
alkoxy group into a compound wlierein X represents a moiety of the above defined 

10 formula NRj^Rt or another alkoxy group may be carried out as follows: 

(i) when X is alkoxy, by basic hydrolysis, using for example potassium hydroxide, to 
provide a compound of formula (1) wherein X is hydroxy, and thereafter (a) for preparing 
compounds wherein X represents a moiety of the above defined fomiuia NRsRi^ treating 
with a compound of fomiula HNRv^ Rt' wherein R^;' and Rt' are as defined above or (b) for 

15 preparing compoinids of fornnila (I) wherein X represenis alkoxy, by treating with a 
compound of formula R'Ol I wherein R* is ilic required alkoxy group; and thereafter 
optionally deproieciing: or 

(ii) when X is hydroxy, by using analouous procedures to those mentioned above in (i). 

Preferably the reaction wiiii tlic Lompuunds of lomiula HNRj^'Ri' or with 
20 compounds ol' formula U'OI I takes pUu c Mltcr iiciivation of the carboxylic group. 
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A carboxyl group nijiy be HCtiv;ued in conventional manner, for example, by 
conversion into an acid anhydride, acid halide, acid azide or an activated ester such as 
cyanomethyl ester, thiophenyl ester, p-nitrophenyi ester, p-nityrothiophenyl ester, 2,4,6- 
irichlorophenyl ester, pentachlorophenyl ester, pentafluorophenyl ester, N- 
hydroxyphthalimido ester, 8-hydroxypiperidine ester, N-hydroxysuccinimide ester. N- 
hydroxybenzotriazole ester, or the carboxyl group may be activated using a carbodiimide 
such as N,N -dicyc!ohexyicarbodiimide (DCC)or l-ethyl-3.(3-(dimethylamino)propyI]- 
carbodiimide hydrochloride (WSC), either in the presence or the absence of 
hydroxybenzotriazole (HOBt) or l-hydroxy-V-azabenzotriazole (HOAt); or it may be 
activated using N.N'- carbonyldiimidazole, Woodward-K reagent. Castro's reagent or an 
isoxazoliuni salt. 

Condensation of an activated carboxyl group with an amino group or with an 
alcoholic group may be carried out in the presence of a base, in any suitable solvent.: 
Suitable bases include organic bases, such as triethylaniine, rrimethylaniine, N.N- 

1 5 diisopropylethylamine (DIPEA), pyridine, N.N-dimethylaniline. 4-dimethylaminopyridine 
(DMAP). N-methylmorpholine, 1 ,.*>-diazabicyclo|4.3.01-.'S-nonene (DBN), 1,5- 
diazabicyclo[5.4.0]-5-undecene (DBU), 1 ,5-diazabicyclo[2.2.2]octane (DABCO). and 
inorganic bases .such as potassium carbonate. Suitable solvents includeconventionally 
used solvents , for example DMF. dimethyl sulfoxide (DMSO). pyridine, chloroform. 

20 dioxane, dichloromethane. THF, ethyl acetate, acetonitrile, N-mcthylpyrrolidone and 

hexamethylpho.sphoric triamide and mixtures thereof. The reaction temperature may be 
within the u.sual temperature range employed in this type of condensation reaction, and 
generally in the range of about -40°C to about 60°C. preferably from about -20°C to about 
40°C. 

25 When the reaction is carried out in the presence of a suitable condensing agent, for 

example a carbodiimide. N.N'- carbonyldiimidazole. Woodwaid-K reagent. Castro's 
reagent or the like, the conden.sing agent is preferably employed in an amount from 
equimolar to about 5 times the molar quantity of the staning material and the reaction is 
perfomied in a suitable .solvent for example a halogenated hydrocarbon such as 

30 dichloromethane, chloroform, carbon tetrachloride, tetrachloroethane or the like; an ether 
such as dioxane. THF, dimethoxyethane or the like, a ketone such as acetone, methyl ethyl 
ketone or the like; acetonitrile. ethyl acetate. DMF. dimethylacetamide. DMSO or the 
like.. Preferably the condensation is carried out in an anhydrous solvent, and at a reaction 
temperature in the range of from about - 10°C to 6()°C. preferably alx)ut 0°C to room 

35 temperature. 
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Aliernatively, conversion of one compound of formula (I) in which X is O-alkyI 
into another compound of formula (I) in which X is NRj^R^ may be effected by treating the 
said compound of fomiula (I) directly with a compound of formula HNR^^R^* in the 
presence of a trialkyialuminium reagent such as trimeihylaluminium or trieihylaluminium, 
according to known procedures, such as those disclosed in Tetrahedron Leu., 48, 4171 
(1977); and. if necessary, deprotecting or converting the compound of formula (I) in 
which X is NRs'Rr into a compound of formula (I) in which X is NRsRi- 

The trialkyialuminium reagent is generally employed in the above mentioned 
reactions in an amount of from equimolar to about 5 times the molar quantity of the 
starting material, preferably 2-3 times the molar quantity of the staning material and the 
reaction is performed in a suitable solvent for example a halogenated hydrocarbon such as 
dichloromeihane, chloroform, carbon tetrachloride, tetrachloroethane or the like; an ether 
such as dioxane, THF, dimethoxyethane or the like. Preferably the condensation is carried 
out in an anhydrous solvent, and at a reaction temperature of about, generally -20^C to 
120°C, preferably about (^C to the reflux temperature of the solvent. 

Amines of general fonnula HNR^Rj may be prepared using the methods known in 
the an for the preparation of amines, for exiimple as taught in Houhcn-Weil, Methoden der 
Organischcn Chcmic. Vol. XI/1 (1957) and Vol. E16d/2 (1992), Georg Thieme Verlag, 
Stuttgart. 

In particular, amines of liie general formula HNRj^R^ wherein one of Rj; and R^ 
represents hydrogen and the other represents a moiety (a), (b), (c), (d) (e) as defined 
above or a particular example thereof, are prepared according to the methods summarised 
in Scheme (IV) below: 

Scheme (IV) 
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(iii) 
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H,N — A-N ^ fs,.^A_..j 

^ CO. R ' \ 



wo 98/01436 



PCT/EP97/03709 



(vi) 




wherein R is an alkyl or aryl group, and Ry are as defined above, Xi lo X9 are as 
defined for (H2), A is a bond or an alkyl chain, R]() is hydrogen (in ii) or halogen (in (iii)) 
and R] 1 is an alkyl gioiip, Ri2 »^ <^^^y^ or aryl. Land Lj are leaving groups, for example 
5 halogen or mesylate, Y is halogen, Y 1 is a leaving group, for example a halogen and and 
Yi and Y2 are leaving groups such as halogens, for example Y\ is chloride and Y2 is 
bromine. 

With regard to Scheme (IV): 

The reduction of the amide function in (i) is suitably carried out using known 
10 methods, for example by iismg mixed hydride reducing agents, such as lithium aluminium 
hydride and methods described in Or^ Synih Coll Vol 4 564. 

The reduction of the ni(ropyridine in (ii) is suitably carried out using the method 
described in ./. Or^. Chem. 5S, 4742 (1993). 

The alkylation of the hydroxy-nitropyridine in (ii) may be effected by using the 
15 method described in ./. Or^, Chem 55, 2964 (1990). 
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The displacement reaction in (iii) is suitably carried out using the method described 
in Helvetica Clwmica Acta 47 (2), 45 (1964) 

The reduction of the nitrile in (v) is suitably carried by catalytic hydrogenation over 
platinium oxide. 

3 The reaction of acid halide NC-A-COY to provide the dialkylphosphonate in (iv) is 

effected by following the procedure described in ./ Org Chem 36, 3843 (1971). 

The reaction of tlie azide with triphcnylphosphine in (v) is carried out in wet 
tetrahydrofuran as described in Bull Soc Cliim Fr 1985, 815. 

The azides in (v) are prepared as shown using azidotrimethylsilane. following the 
10 procedure described in Synfliaxix 1995, 376. 

The reaction of compound Y1-A-Y2 and the amine derivative in (v) proceeds 
under conventional displacement reaction conditions. 

The reactions in (vi) can be performed using known, conventional methods, as 
described in J. March. Advanced Organic Chemistry, 3rd Edition. 1985. Wiley 
Interscicnce. For example, oxidation can be performed using oxidising agents such as 
chromic acid (Jones reagent); reductive amination of the ketone in can be performed with 
benzylamine to give an imine intermediate which is then reduced using known methods 
and reducing agents such as .sodium borohydride or lithium aluminium hydride. 
Debenzylation can then be peifomied again using conventional methods, for example with 
hydrogen in the presence of a catalyst such as palladium on charcoal. Protection of ketone 
as the ethylene ketal can be performed with ethylene glycol under acidic catalysis; 
acylations or alkylations can be pertomied by treating the suitable piperidine derivatives 
with acyl or alkyl haiides in the presence of an inorganic or organic base; deprotection of 
the dioxolane to the ketone can be effected by acidic treatment in aqueous or alcoholic 
solvents. Protection on the primary amino gioup m 4 aminopiperidines can entail the use 
of classical carbamate protecting agents such as t-butoxycarbonyl (BOC), 
benzyloxycarbonyl (CBZ) or fluorenylmethoxycarbonyl (FMOC). or of the phthalimido 
protecting group: the synthesis and the removal of such protective groups is described in. 
for example, in Protective Groups in Orficmic Synthesis, T. W Greene Ed.. Wiley. New 
York, 1981. 4-Oxopiperidinc.s can be converted into the corresponding oximes by 
treatment with hydroxyl- or alkoxyl-amine in a suitable solvent: reduction of the oxime to 
amine can lie performed using conventional reducing agents such as lithium aluminium 
hydride or soditmi cyanoborohydi ydc. 
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The siarting materials in the above reactions (i), (ii), (iii), (iv), (v) and (vi) are 
known commercially available compounds. 

A compound of formula (I) or a solvate thereof may be isolated from the above 
mentioned processes according to standard cliemical procedures. 

5 The preparation of salts and/or solvates of the compounds of formula (1) may be 

performed using the appropriate conventional procedure. 

If required mixtures of isomers of the compounds of the invention may be 
separated into individual stereoisomers and diasiereoisomers by conventional means, for 
example by the use of an optically active acid as a resol21 

10 ving agent. Suitable optically active acids which may be used as resolving agents are 

described in ''Topics in Stereochemistry", Vol, 6» Wiley Interscience» 1971, Allinger, N.L. 
and Eliel,W.L. Eds. 

Alternatively, any enantiomer of a compound of the invention may be obtained by 
stereospecific synthesis using optically pure sianing materials of known configuration. 

15 The absolute configuration of compounds may be determined by conventional 

methods such as X-ray crystallographic techniques. 

The protection of any reactive group or atom, may be carried out at any 
appropriate stage in the aforementioned processes. Suitable protecting groups include 
those used conventionally in the art for the particular group or atom being protected. 

20 Protecting groups may be prepared and removed u.sing the appropriate conventional 
procedure, for example OH groups, including diols, may be protected as the silylaied 
derivatives by treatment with an Mppropriate silylaiing agent such as di-ten- 
butylsilylbisCtriDuoromeihanesuironate): the silyi group may then be removed using 
conventional procedures such as ireiumeni with hydrogen fluoride, preferably in the form 

25 of a pyridine complex atid optionally in the presence of alumina, or by treatment with 
acetyl chloride in methanol. Alternatively bcnzyloxy groups may be used to protect 
phenolic groups, the benzyloxy group may be removed using catalytic hydrogenolysis 
using such catalysts as palladiunn (ID chloride or 10% palladium on carbon. 

Amino groups may be protected using any conventional protecting group, for 
30 example t^rt-buiyl esters of carbamic acid may be fomied by treating the amino group with 
di-ien-butyldicarbonate, the amino group bein<; regenerated by hydrolysing the ester under 
acidic conditions, using for example iiydrogen chloride in ethyl acetate or ti'ifluoroacetic 
acid in methylene dichloride An amino group may be protected as a benzyl derivative, 
prepared from the appiopriate amine and a benzyl halide under basic conditions, the benzyl 
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group being removed by caialyiic hydrogenoiysis, using for example a palladium on carbon 
catalyst. 

Indole NH groups and the like may be protected using any conventional group, for 
example benzenesulphonyi, methylsulphonyl, losyl, formyU acetyl (all of them removable 
5 by treatment with alkaline reagents), benzyl (removable either with sodium in liquid 
ammonia or with A\Cl^ in toluene), ally] (removable by treatment with rhodium (III) 
chloride under acidic conditions), benzyloxycarbonyl (removable either by catalytic 
hydrogenation or by alkaline treatment), trifluoroacetyl (removable by either alkaline or 
acidic treatment), t-butyldimethylsilyl (removable by treatment with ten-abutylammonium 
10 fluoride), 2-(rrimethylsilyl)ethoxymeihyl (SEM) (removable by treatment with 
tetrabutylammonium fluoride in the presence of ethylendiamine), methoxymethyl (MOM) 
or methoxyethyl (MEM) groups (removed by mild acidic treatment). 

Carboxyl groups may be protected as aikyl esters, for example methyl esters, which 
esters may be prepared and removed using conventional procedures, one convenient 
15 method for convening carbomethoxy to carboxyl is to use aqueous lithium hydroxide. 

A leaving group or atom is any group or atom that will, under the reaction 
conditions, cleave from the starting material, thus promoting reaction at a specified site. 
Suitable examples of such groups unless otherwise specified are halogen atoms, mesyloxy, 
p-nitrobenzensulphonyloxy and to.syloxy groups. 

2^ The salts, esters, amides and solvates of the compounds mentioned herein may as 

required be produced by methods conventional in the art: for example, acid addition salts 
may be prepared by treating a compound of forniula (1) with the appropriate acid. 

Esters of carboxylic acids may be prepared by conventional esterification 
procedures, for example alkyi esters may be prepared by treating the required carboxylic 
25 acid with the appropriate alkanol, generally under acidic conditions. 

Amides may be prepared using conventional amidation procedures, for example 
amides of fomiula CONRv^Ri may be prepared by treating the relevant carboxylic acid with 
an amine of fomiula HN R^R^ wherein R^^ and Rj are as defined above. Alternatively, a 
Ci.g ^Ikyl ester such as a methyl ester of the acid may be treated with an amine of the 
30 above defined foimula HNR^^Rj to provide the required amide. 

As mentioned above the compounds of the invention are indicated as having useful 
therapeutic properties: 

The present invention therefore provides a method for the treatment and/or 
prophylaxis of diseases associated with over activity of osteoclasis in mammals which 
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melhcxl comprises ihc aciniinistniiioi) of an effective non-toxic amount of a selecrive 
inhibitor of mammalian osteoclasts. 

A suitable selective inhibitor of a mammalian osteoclast is a selective inhibitor of 
the vacuolar ATPase located on the ruffled border of mammalian osteoclasis. 

5 One particular selective inhibitor of maninialian vacuolar ATPase is a compound of 

formula (1), or a pharmaceutical ly acceptable salt thereof, or a pharmaceuiically acceptable 
solvate thereof. 

Thus, the present invention further provides a method for the treatment of 
osteoporosis and related osieopenic diseases in a human or non-human mammal, which 
10 comprises administering an effective, non-toxic, amount of a compound of formula (I) or a 
pharmaceurically acceptable solvate thereof, to a human or non-human mammal in need 
thereof. 

In a further aspect, the present invention provides an inhibitor of a mammalian 
osteoclasts, for example a compound of fomiula (1) or a phamiaceutically acceptable salt 
15 thereof, or a phamiaceutically acceptable solvate thereof, for use as an active therapeutic 

substance. >v 

In particular the present invention provides a compound of fomiula (1) or a 
phamiaceutically acceptable salt thereof and/or a piiannaceutically acceptable solvate 
thereof, for use in the treatment of and/or jMophylaxis of osteoporosis and related 
20 osteopenic diseases. 

Of particular interest is the osteoporosis associated with the peri and post 
menopausal conditions. Also encompassed are the treatment and prophylaxis of Paget's 
disease, hypercalcemia associated with bone neoplasms and all the types of osteoporotic 
diseases as classified below according to iheir etiology: 

25 Primary osteoporosis 

Involutional 

Type I or postmenopausal 
Type II or senile 

Juvenile 

30 Idiopathic in young adults 

Secondary osteoporosis 

Endocrine abnormality 

Hyperthyroidism 
Hypogonadism 
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Ovarii'in agenesis or Turner's syndrome 
Hyperadrenocoriicism or Cushing\s syndrome 
Hyperparathyroidism 

Bone marrow abnomialities 

5 Multiple myeloma and related disorders 

Systemic mastocytosis 
Dissenunaied carcinoma 
Gaucher's disease 

Connective tissue abnomialities 

^0 Osteogenesis imperfecta 

Homocystinuria 
Ehlers-Danlos syndrome 
Marfan' s syndrome 
Menke's syndrome 

'5 Miscellaneous causes 

Immobilisation or weightlessness 
Sudeck's atrophy 

Chronic obstructive pulmonary disease 

Chronic alcoholism 

Chronic heparin administration 

Chronic ingestion of anticonvulsant drugs 

In addition the invention encompasses rhc treatment of tumours, especially those 
related to renal cancer, melanoma, colon cancer, King cancer and leukemia, viral 
conditions (for example those ^nvo\\'\l^]l S(un/ikt Forcsf virus. Vesicular Stomatuis virus. 
25 Newcastle Disease virus. Influenza A and li viruses, HIV virus), ulcers (for example 
chronic gastritis and peptic ulcer induced by Halicohactcr pylon), for use as 
immunosupressant agents in autoimmune diseases afid transplantation, aniilipidemic agents 
for the treatment and/or prevention of hypercholesterolemic and atherosclerotic diseases 
and lo be useful for the treatment of AIDS and Alzheimer's disease. These compounds 
are also considered useful in treating angiogenic diseases, i.e. those pathological 
conditions which are dependent on angiogenesis, sucli as rheumatoid arthritis, diabetic 
retinopathy, psoriasis and solid tumours. 

A compound of formula (I), or a pharmaceuiically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof, may be administered perse or, preferably, 
as a pharmaceutical composition aLso comprising a pharmaceutically acceptable carrier. 

Accordingly, the present invention also provides a pharmaceutical composition 
comprising a selective inhibitor of the pharmacological activity of human osteoclast cells, 
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in particular the bone resorption activity of human osteoclast cells associated with 
abnormal loss of bone mass, and a pharmaceuucally acceptable carrier thereof. 

A particular inhibitor of human osteoclast cells is a selective inhibitor of human 
osteoclast vacuolar ATPase such as a compound of fomiula (I), or a pharmaceuiically 
5 acceptable salt thereof, or a pharmaceutically acceptable solvate thereof, and a 
pharmaceuiically acceptable carrier thereof. 

Active compounds or a pharmaceutically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof is normally administered in unit dosage form. 

An amount effective to treat the disorders hereinbefore described depends upon 
10 such factors as the efficacy of the active compounds , the particular nature of the 

pharmaceutically acceptable salt or pharmaceutically acceptable solvate chosen, the nature 
and severity of the disorders being treated and ilie weight of the mammal. However, a 
unit dose will nomially contain O.Ol to 50 mg, for example 1 to 25 mg, of the compound 
of the invention. Unit doses will nomially be administered once or more than once a day, 
15 for example 1 , 2, 3, 4» 5 or 6 times a day, more usually 1 to 3 or 2 to 4 times a day such 

that the total daily dose is nomially in the range, for a 70 kg adult of 0.01 to 250;mg, more 
usually 1 to 100 mg, for example 5 to 70 mg. that is in the range of approximately 0.0001 
to 3.5 mg/kg/day, more usually 0.01 to 1 .5 mg/kg/day, for example 0.05 to 0.7 mg/kg/day. 

At the above described dosage range, no toxicological effects are indicated for the 
20 compounds of the invention. 

The present invention also provides a method for the treatment of tumours, 
especially those related to renal cancer, melanomiK colon cancer, lung cancer and 
leukemia, viral conditions (for example those involving Semliki Foresr, Vesicular 
Stomatitis, ''Newcastle Disease, Influenza A and fl, HIV viruses), ulcers (for example 

25 chronic gastritis and peptic ulcer induced by Helicobacter pylori), autoimmune diseases 
and transplantation, for the treatment and/or prevention of hypercholesterolemic and 
atherosclerotic diseases, AIDS and Al/Jieimer s disease, angiogenic diseases, such as 
rheumatoid arthritis, diabetic retinopathy, p.soriasis and solid tumours, in a human or 
non-human mammal, which comprises aclministerinu an effective, non-toxic, amount of a 

30 compound of fomnila (I) or a phannaceuiically acceptable solvate thereof, to a human or 
non-human mammal in need thereof. 

In such treatments ihe active compound may be administered by any suitable route, 
e.g. by the oral, parenteral or topical routes. For such use, the compound will normally be 
employed in the fomi of a pharmaceuticid composition in association with a human or 
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veterinary phannaceiitical carrier, clili.cnt :ind/or excipiem. although the exact form of the 
composition will naturally depend on the mode of administration. 

Compositions are prepared by admixture and are suitably adapted for oral, 
parenteral or topical administration, and as such may be in the form of tablets, capsules, 
oral liquid preparations, powders, granules, lozenges, pastilles, reconstitutable powders, 
injectable and infusable solutions or suspensions, suppositories and transdemial devices. 
Orally administrable compositions are preferred, in particular shaped oral composidons. 
since they are more convenient for general use. 

Tablets and capsules for oral administration are usually presented in a unit dose, 
and contain conventional excipients such as binding agents, fillers, diluents, tabletting 
agents, lubricants, disintegrants, colourants, flavourings, and wetting agents. The tablets 
may be coated according to well known methods in the art. 

Suitable fillers for u.se include cellulose, niannitol. lactose and other similar agents. 
Suitable disintegrants include starch, polyvinylpyrrolidone and starch derivatives such as 
sodium .starch glycollate. Suitable lubricants include, for example, magnesium stearate. 
Suitable phamiaceutically acceptable wetting agents include sodium lauryl sulphate. 

The.se solid oral compo.siiioiis may be prepared by conventional methods of 
blending, filling, tabletting or the like. Repeated blending operations may be used to 
distribute the active agent throughout those compositions employing large quantities of 
20 fillers. Such operations are, of course, conventional in the art. 

Oral liquid preparations may be in the lorni of. for example, aqueous or oily 
suspensions, .solution.s, emulsions, syrups, or elixirs, or may be presented as a dry product 
for reconstitution with water or other suitable vehicle before u.se. Such liquid preparations 
may contain conventional additives such as suspending agents, for example sorbitol, syrup, 

25 methyl cellulose, gelatin, hydroxyethylcelliilose, carboxymethyl cellulose, aluminium 

stearate gel or hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan 
monooleate, or acacia: non-aqueous vehicles (which may include edible oils), for example, 
almond .oil, fractionated coconut oil, oily esters such as esters of glycerine, propylene 
glycol, or ethyl alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or 

30 sorbic acid, and if desired conventional flavouring or colouring agents. 

For parenteral adniinistraiion. fluid unit dose fomis are prepared containing a 
compound of the present invention and a sterile vehicle. The compound, depending on the 
vehicle and the concentration, can be either suspended or dissolved. Parenteral solutions 
are nomially prepared by dissolving the compoiuid in a vehicle and filter sterilising before 
filling into a suitable vial or ampoule and sealing. Advantageously, adjuvants such as a 
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local anaesihe(ic, prcservaiives and buffering agents arc also dissolved in the vehicle. To 
enhance the stability, the compx^siiion can be frozen after filling into the vial and the water 
removed under vacuum. 

Parenteral suspensions are prepared in substantially the same manner except that 
5 the compound is suspended in the vehicle instead of being dissolved and sterilised by 
exposure to ethylene oxide before suspending in the sterile vehicle. Advantageously, a 
surfactant or wetting agent is included in the composition to facilitate uniform distribution 
of the active compound. 

For topical administration, the composition may be in the form of a transdermal 
• 10 ointment or parch for systemic delivery of the active compound and may be prepared in a 
conventional manner, for example, as described in the standard textbooks such as 
'Dermatolof*ical Formulations' - B.W. Barry (Drugs and the Pharmaceutical Sciences - 
Dekker) or Harrys Cosmeiicology (Leonard Hill Books). 

The present invention also provides the use of a selective inhibitor of the biological 
15 activity of human osteoclast cells, in particular the bone resorption activity of human 

osteoclast cells associated with abnormal loss of bone mass, compound of fomiula (I), or a 
pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate thereof, 
for the manufacture of a medicament for the treatmeni and/or prophylaxis of diseases 
associated with over activity of osteoclasis in mammals, such as the treatment and/or 
20 prophylaxis of osteoporosis and related osteopenic diseases. 

The present invention also provides the use of a selective; inhibitor of the biological 
activity of human osteoclast cells, in particular the bone resorption activity of human 
osteoclast cells associated with abnormal loss of bone mass, for the manufacture of a 
medicament for the treatmeni of tumours, especially those related to renal cancer, 

25 melanoma, colon cancer, lung cancer and leukemia., viral conditions (for example those 
involving Scmliki Forest, Vesicular Siomaiiiis, Newcastle Disease, Influenza A and fi, 
HIV viruses), ulcers (for example chronic gasihtis and peptic ulcer induced by 
Helicobacter pylori), autoimmune diseases and traiisplantaiion, for the treatment and/or 
prevention of hypercholesterolemic and atherosclerotic diseases, AIDS and Alzheimer^s 

30 disease, angiogenic diseases, such as rheumatoid arthritis, diabetic retinopathy, psoriasis 
and solid tumours,. 

No unacceptable toxicolouical effects are expected with compounds of the 
invention when administered in accoitiance with the invention. As is common practice, the 
compositions will usually be accompanied hy wrinen or printed directions for use in the 
35 medical treatment concerned. 
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The following, descripiions. examples and phaiinacological methods illusiraie the 
invention but do not limit it in any way. 

Preparation 1 

(E)-3-(Benzofuran.2.yl).prop-2.enal. A solution of benzofuran-2-carboxaldehyde (2.2 
g. 15.1 mmol) and formylmethyleneiriphenylphosphorane (4.6 g, 15.1 mmoles) in CHjCh 
(150 mL) was refliixed for 6 hours. Another aliquot of 
fonnylmethylenetriphenylphosphorane (1.5 g, 4.93 mmol) was then added and the reflux 
continued overnight. The reaction mixii.re was cooled to RT. the solvent concentrated at 
reduced pressure and the residue was chromatographed on silicagel (n-hepune/EtOAc 
4/1). The collected fractions were pooled and concentrated and the residue triturated with 
isopropyl ether to give, after drying, pure title compound (1.3 g. 7.55 mmol. yield 50.0%) 
as pale yellow crystals. m.p.=67''. 



Example 1 

Methyl (2Z,4E)-5.(bcny.ofiiran.2-yl).2.mcthoxy-2,4.pentadienoate. A suspension of 
methyl 2-methoxy-2-triphenylphosphoniuni acetate (4.45 g, 10.0 mmol) and DBU (1.52 g. 
10.0 mmol) in CH^Cl. (25 ml) was stirred at RT tor 15 mimnes. Then (E)-3-(benzofuran- 
2-yl)-propenal (1,12 g, 6.50 mmol) was added and stirring continued for 3 hours. The 
reaction mixture was washed with IN HCi (10 ml), with f>9c aqueous NaHCOj (10 ml) 
and brine (2x10 ml). The organic solution was dried (MgSOd and concentrated to give an 
oil that was chromatographed on silicagel (n-hcpiaiie/EtOAc 4/1). The pooled fractions 
were collected and concentrated to give pine title compound (1.05 g, 4.07 mmol. yield 
62.5%) as pale yellow crystals, m.p.= l(W. 

'H-NMR (CDCh): 7.54 (d. Ill): 7.48 (d. IH); 7.16-7.40 (m. 3H): 6.S7 (d. IH); 6.73 (s, 
IH); 6.69 (d. IH); 3.84 (S.6H). 



Example. 2 
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(2Z,4E)-5-(Rcn/uriiran-2-yl)-2-inelhoxy-2,4-pciita(lienoic acid. To a stirred solution of 
methyl (2Z,4E)-5-(ben2orur;in-2-yl)-2-methoxy-2,4-pentadienoate (1.0 g, 3,87 mmol) in 
EtOH/waier l/l (80 ml) potassium hydroxide (0.43 g, 7.66 mmol) was added. The 
solution was refluxed for 1 hour, then it was cooled to RT and poured into water (200 
ml). After acidification to pH 2 (IN HCl) the resulting suspension was extracted with 
EtOAc (3x50 ml). The organic phase was washed with water (2x30 ml), dried (MgS04) 
and concentrated to give a yellow solid. This was repeatedly washed with CH2CI2 and 
dried to give the pure title compound (0.80 g, 3.28 mmoles. yield 84.6%) as yellow 
crystals. m.p.=2()6°. 

*H-NMR (DMSO-dc): 12.90 (bs, IH); 7.60 (bs, 2H); 7.10-7.32 (m. 4H); 7.02 (s. IH); 
6.88 (I. lH);3.73(s, 3H). 

Example 3 

(2Z,4E).5-(Ben/ofuran-2.yl)-2-inc(hoxy-N-((2,2,6,6-tetramethyl)-piperidin-4.yl)-2,4- 
pentadienamide. A solution of (2Z,4E)«5-(benzofuran-2-yl)-2-methoxy-2,4-pentadienoic 
acid (122 mg, 0.5 mmol), 4-amino-2,2/i,6-tetramethylpiperidine (78 mg, 0,5 mmol), 1- 
hydroxy-7-azaben20tria2ole hydrate (65 mg, 0,5 mmol) and l-(3-dimethylam!nopropyl)-3- 
eihylcarbodiimide hydrochloride (95 mg, 0.5 mmol) in DMF (2 ml) was .stirred at RT for 6 
hours. The solution was poured into brine (20 ml) and repeatedly extracted with EtOAc. 
The organic phase was waslied with 5% aqueous CaCO.i, dried (MgS04) and concentrated 
to give a solid that was repeatedly washed with i.sopropyl ether. After drying pure tide 
compound (45 mg, 0.12 mmol, yield 23.5%) was obtained as pale yellow crystals, 
m.p,=250''dec. 

^H-NMR (DMSO-drO: 9.33 (bs, IH); 8.35 (d. IH); 7.60 (t, 2H); 7.24-7.36 (m, 2H); 7.15 
(dd, IH); 7.00 (s, IH): 6.90 (d, IH); 6.63 (d, IH); 4.21 (m, IH); 3.71 (.s, 3H); 1.83 (bd, 
2H); 1,67 (bi, 2H); 1.43 (s. 12H). 



Example 4 
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(2Z,4E).S.(Benzofuran.2.yI).2.inethoxy.N.(3-diethylaminopropyl).2,4. 
pentadienamidc. A solu.ion of (2Z.4E)-5-(benzofuran-2-yl)-2-methoxy.2.4-pentadienoic 
acd (122 mg. 0.5 mniol). 3-diethylaminopropy)amine (65 mg, 0.5 mmol). l-hydroxy-7- 
azabcnzotriazole hydrate (65 n,g. 0.5 mmol) and l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (95 mg. 0.5 mmol) in DMF (2 ml) was stirred at RT 
overnight. After the same work-up de.scribed in example 3 the residue was 
chromatographed on silicagel (preparative TLC, EtOAc/MeOH/aq.NH, 8/2/1). The 
fraction collected was dried to give pure title compound (32 mg, .090 mmol. yield 18.0%) 
as pale brown crystals, m.p.=79^. 

•H-NMR (DMSO-d.): 8.37 (bt, IH); 7.61 (t. 2H): 7.21-7.34 (m. 2H); 7.15 (dd. IH)- 7 00 
(s. IH); 6.90 (d. IH); 6.66 (d. IH); 3.72 (s. 3H): 3.20 (q. 2H); 2.46 (bm, 6H); 1.60 (bt 
2H); 0.96 (t. 6H). 



15 



25 



Preparation 2: 



U,2.6,6-Pentamethyl-4-pipendone hydroiodlde. A solution of 2.2,6.6-tetramethyl-4- 
piperidone monohydrate (40 g. 23.1 mmol) and methyl iodide (9«.31 g, 69.3 mmol) in 
Ksopropyl alcohol (25 mL) was stirred at RT for 4« h. The result.ng suspension was 
filtered, the solid residue was dried and recrys.allized from MeOH. After filtration and 
repeated washings with MeOH the solid was dried giving pure title compound (31.6 g. 
20 10.6 mmol, yield 46.0%) as pale brown crystals. 



Preparation .?. 



U,2,6,6.Pentamcn,yl-4-pipcrid«nc ovimo. A suspension of 1 .2.2.6.6-pentamethyl-4- 
piperidone hydroiodide (3 g, 10.1 mmol) nnd hydroxylamine hydrochloride (980 mg. 14 
mmol) in water (6 ml) was stirred at RT for i 5 min. Solid NaOH was added until basic pH 
and thickening of the .suspension. Wa.er (3 mi, was added and stirring at RT was 
continued overnight. The suspension was filtered and the .solid washed with water (few 
ml) and dried. The .solid was then dis.solved n, [£t:0. the .solution was dried (MgSO.) and 
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concentrated to give after drying pure title compound (1.55 g, 8.41 mmol, yield 83.3%) as 
white crystals. 

Preparation 4 

4-Amino-l,2,2,6,6-pcntaniethyl-4-piperidine. LiAlH4 (925 mg, 24.4 mmol) was added 
under stirring at 0° under Ar to anhydrous THF (100 ml), followed by 1,2,2,6,6- 
pentamethyl-4-piperidone oxime (1.50 g, 8.14 mmol). The su.spension was refluxed for 2 
hours, then cooled to RT and stirred overnight. After cooling to 0"" water (0.9 ml), 15% 
aqueous NaOH (0.9 ml) and water (2.8 ml) were carefully added dropwise. The 
suspension was stirred for 15 min at RT, then MgSOd was added and stirring continued 
for 30 min. After filtration, the liquid was concentrated and the oily residue 
chromatographed on silicagel (CH2Cl2/MeOH/aq.NH3 95/5/1). The collected fractions 
were pooled and concentrated to give pure title compound (750 mg, 4.40 mmol. yield 
54,1%) as a yellow oil. 

Example 5 

(2Z,4E).5-(Benzofiiran.2vvn-2-mcthoxy-N4(l,2,2,6,6-pcntamethyl)-piperidin-4-yl]- 
2,4-p6ntadicnamide. A solution of (2Z,4E)-5-(benzofuran-2-yl)-2-methoxy-2,4- 
pentadienoic acid (122 mg, mmol), 4-amino- 1 ,2,2,6,6-pentamethyIpiperidine (85 mg. 
0.5 mmol), l-hydroxy-7-azabenzotnazole hydraie (65 mg, 0.5 mmol) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (95 mg. 0.5 mmol) in DMF (2 
ml) was stirred at RT overnighi. After the same work-up described in example 3 the 
residue was triturated with isopropyl ether to produce a solid that was recovered and dried 
to give pure title compound (85 mg, 0.214 mmol, yield 42.8%) as yellow crystals, 
m.p.=152°. 

'H-NMR (DMSO-dr.): 8.07 (bd, IH); 7.61 (i, 2H): 7.22-7.36 (m, 2H); 7.14 (dd, IH); 7.00 
(s, IH); 6.89 (d, IH): 6.60 (d, IH); 4.10 (m, IH): 3.71 (s, 3H); 2.27 (s, 3H); 1.50-1.72 
(bm, 4H); 1.12 (d, 12H). 
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Preparation 5 

S.Chlor«bcn/.of«rai.-2-carb«x.vlic acid. A suspensio,, of 5-chiorosalicyl aldehyde (10.62 
g. 67.8 mmol). eihyl broniomalonate (25.3 g. 105.8 mmol) and anhydrous potassium 
carbonate (9.37 g. 67.8 mmol) ,n ethylmethylketone (50 ml) was refluxcd for 5 hours, then 
kept imder stirring at RT overnight. The solvent was evaporated and the residue was 
diluted with water (500 ml), then the pH wa.s neutralized with IN HCl. The suspension 
was extracted with Et.O. then the organic phase was dried (MgSa) and concentrated. 
The oily residue was dissolved in absolute EtOH (50 ml) and added to a 10% ethanolic 
solution of KOH. The thick suspen.sion was reHuxed under vigorous stirring overnight 
then after cooling to RT the solvent was taken oft and water was added. The aqueous 
phase was washed with Et^O. then the pH adjusted to 2 with IN HCl. The aqueous 
suspension was extracted with EtOAc and the organic phase after drying (MgSO.) and 
concentration produced pure title compound (7.4 g, 37.6 mmol. yield 55.5%) as a yellow 
oil. 



Preparation 6 



S-Chloroben/.of.,ran.2.carl,«xaldchyde. LiAIH. (3.04 g. 80 mmol) was suspended under 
stirring at O" under Ar in anhydrous THF (150 ml), then N-methylpiperazine 
dihydrochloride (6.92 g. 40 mmol) was added portionwise .n 10 minutes. N- 
methylpiperazine (12 g. 120 mmol) was .hen added dropw.se. the mixture was warned to 
RT and stirring continued for 2 hours, The surnatan, of th.s suspension was then added by 
syringe to a stirred solution at 0° cuider Ar of .vchlorobenzofuran-2-carboxylic acid (2.95 
g, 15.0 mmol) in anhydrous THF (50 ml). The mixture was reOuxed for 4 hours and after 
cooling to RT the s...s^^nsion was diluted with Et,0 (400 ml). The resulting mixture was 
poured into water (500 ml) and the organic phase was decanted. The aqueous phase was 
extracted with Et,0 (2x300 ml) and the pooled orga.,ic extracts were washed with 2N 
NaOH (200 ml). IN HCl (200 ml) and bnne (200 ml). After drying (MgSO.) and 
concentration a brown oily residt.e was obtained. This was chromatographed on silicagel 
(n-heptane/EtOAc 3/1). The pooled fractions produced after evaporation pure tide 
30 compound (850 mg. 4.7 1 mmol. yield 31.4%) as brown needles. 
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Preparation 7 

(E)-3-(5-Chlorobcn/oftiran-2*yl )-prop-2»enai. A solution of 5-chlorobenzofuran-2- 
carboxaldehyde (K13 mg, 4.50 mniol) and formylmeihylene triphenylphosphorane (1.37 g, 
5 4.50 mmol) in CH2CI2 (40 ml) was treated as seen in preparation I. After a 
chromatography on silicagcl (n-hepiane/EtOAc 4/1) pure title compound (640 mg» 3.10 
mmol, yield 68.8%) as yellow crystals was obtained. 

Example 6 

10 Methyl (2Z,4E)-5-(5-chlorobeny.ofuran-2-yl)-2-methoxy-2,4-pcntadienoate. A 

suspension of methyl 2>methoxy-2-triphenylphosphonium acetate (1.80 g» 4.04 mmol) and 
DBU (610 mg, 4.04 mmoO in CH2CI3 (20 ml) was stirred at RT for 15 minutes. Then 
(2E)-3-(5-chlorobenzofuran-2-yI)-propenal (465 mg, 2.25 mmol) was added and the 
reaction conducted as seen for example /. After a chromatography on silicagel (n- 
15 heptane/EtOAc 4/1) pure title compoimd (550 mg, 1.78 mmol, yield 79.2%) as yellow 
crystals was obtained, 

'H-NMR (DMSO-dJ: 7.70 (d, IH): 7.65 (d, IH): 7 36 (dd, IH); 7,20 (dd, IH); 7.05 (s, 
IH); 6.97 (d, IH); 6,91 (d, IH): 3.77 (s, 3H); 3.74 (s, 3H). 

20 Example 7 

(2Z,4E)-5-(5-Chloraben/ofuran-2-yl)-2-methoxy-2,4-pentadienoic acid. To a stirred 
solution of methyl (2Z,4E)-5-(5-chlorobenzofuran-2-yl)-2-meihoxy-2,4-pentadienoate 
(530 mg, 1 .8 1 mmol) in EtOH/water 1/1 (40 ml) potassium hydroxide (0.43 g, 7.66 mmol) 
was added. The solution was stirred at RT overnight, then it was treated as seen in 
25 example 2. Pure title compound (330 mi:, 1.18 mmoU yield 65.4%) was obtained as bright 
yellow crystals. 

'H-NMR (DMSO-d,,): 7.68 (d, IH): 7.63 (d. IH); 7.33 (d, IH); 7.20 (dd, IH); 6.97 (s, 
IH); 6.90 (d. IH): 6.73 (d, IH): 3.7.S (s, 3H). 

-35- 



BNSDOCID: <WO_9801436A1J_> 



wo 98/01436 PCT/EP97/03709 



Example 8 

(2Z,4E).S-(S-Chloroben/,ofuran.2-3'l)-2-niethoxy.N.((l,2,2,6,6-pentamethyI)- 
piperidin^.yl).2,4-pentadienamide. A solution of (22.4E)-5-(5-chlorobenzofuran-2-yI)- 
5 2-mcthoxy.2.4-pentadienoic acid (88 mg, 0.32 mmol), 4.amino- 1, 2,2.6,6- 
pentamethylpiperidine (60 mg. 0.35 mmol). l-hydroxy-7-azabenzotriazole hydrate (44 mg. 
0.32 mmol) and l-(3-dimethylaniino propyl)-3-ethyicarbodiimide hydrochloride (62 mg, 
0.5 mmol) in DMF (2 ml) was stirred at RT for 6 hours. After the same work up as seen in 
example 3 pure title compound was obtained (55 mg. .128 mmol, yield 40.0%) as bright 
10 yellow crystals, m.p.= 142''. 

'H-NMR (DMSO-d„): 8.01 (d, IH); 7.69 (d. IH): 7.63 (d, IH), 7.33 (dd, IH); 7.18 (dd. 
IH); 6.98 (s, IH); 6.89 (d, IH); 6.57 (d, IH); 4.08 (m. IH); 3.71 (s. 3H); 2.18 (s. 3H); 
1.61 (dd, 2H); 1.44 (dd. 2H); 1.05 (d. 12H). 

1 5 Example 9 

(2Z»4E).5-(5.Chloroben/.oriiran-2-yl)-N-(3-diethylaminopropyl)-2-methoxy-2,4- 
pentadienamidc. A .soliuion of (2Z.4E)-5-(.S-chlorobenzofuran-2-yl)-2-methoxy-2,4- 
pentadienoic acid (88 mg. 0.32 mmol), 3-dimethylamino propylamine (46 mg, 0.35 mmol), 
l-hydroxy-7-azaben20triazole hydrate (44 mg. 0.32" mmol) and l-(3- 
20 dimcthylaminopropyl)-3-ethylcarbodiimide hydrochloride (62 mg, 0.5 mmol) in DMF (2 
ml) was stirred at RT for 6 hours. After the s;ime work up as .seen in example .? pure title 
compound was obtained (60 mg. .153 mmol. yield 48.0%) as yellow crystals, 
m.p.=15{)°dec. 

'H-NMR (DMSO-d,.): 8.42 (t, IH); 7.70 (d. IH); 7.63 (d. IH); 7.34 (dd, IH); 7.18 (dd, 
25 IH); 6.99 (s. IH); 6.91 (d. IH); 6.66 (d, IH); 3.73 (.s. 3H); 3.25 (bq. 2H); 2.66 (bt. 6H); 
1.68 (bt. 2H); 1.04 (t. 6H). 

Preparation S 
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Ben%othiophcn-2-carl)oxalclel)ycic. LiAlH4 (7.6 g, 200 mmol) was suspended under 
stirring at O"" under Ar in anhydrous THF (4(K) ml), then N-mcthyipipcrazine 
di hydrochloride (17.3 g, HK) mmol) was added poriionwise in 10 min. N-methylpiperazine 
(30 g, 300 mmol) was then added dropwise, the mixture was warmed to RT and stirring 
5 continued for 2 hours. The surnatant of this suspension was then added by syringe to a 
stirred solution at under Ar of benzothiophen-2-carboxylic acid (7.13 g» 40.0 mmol) in 
anhydrous THF (2(X) m!). The mixture was refluxed for 4 hours and after the same 
procedure as in preparation 6 pure title compound was obtained (4,6 g, 28.4 mmol, yield 
70.9%) as dark orange crj'stals. 

10 

Preparation 9 

(2E)-3-(Benzothiophcn-2-yl)-2-propenal. A solution of benzothiophene-2- 
carboxaldehyde (3 g, 18.4 mmol) and fomiylmeihylenerriphenylphosphorane (5.62 g, 18.4 
mmol) in CH2CI2 (HK) ml) was treated as seen in preparation I, After a chromatography 
15 on silicagel (n-heptane/EtOAc 4/1) pure title compound was obtained (1.00 g, 5.31 mmol, 
yield 28.9%) as yellow crystals, m.p.=88''. 

Example 10 

Methyl (2Z,4E)-5-(ben/,olhiophen-2-yl)-2-mclhoxy-2,4-pentadienoate. A suspension 
20 of methyl 2-meihoxy-2-iriphenylphosphonium acetate (4.72 g, 10.6 mmol) and DBU (1.62 
g, 10.6 mmol) in CHiCh (30 ml) was stirred at RT for 15 minutes. Then (2E)-3- 
(benzoihiophen-2-yl)-2-propenal (1.0 u, 5.31 mmol) was added and- the reaction 
conducted as seen for example /, After a chromatography on silicagel (n-heptanc/EtOAc 
4/1) pure title compound was obtained (107 mg, 0.39 mmol, yield 7.3%) as yellow 
25 crystals. 

'H-NMR (DMSO-d,.): 7.66-7.81 (m, 3H): 7.27-7.34 (m. 2H); 7.20 (s, IH); 6.87 (d, IH); 
6.05 (d, 1H);3.9I (s, 311); 3:75(s, 3H). 
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Example 1 1 

(2Z,4E).5.(Bciv/.ollilophen.2.yl).2.melhoxy.2,4.pentadienoic acid. To a stirred 
solution of methyl (2Z.4E)-5-(benzothiophen-2-yI)-2.methoxy-2.4-pcntadienoate (107 mg, 
0.39 mmol) i„ EtOH/water l/I (10 ml) potassium hydroxide (47 mg. 0.78 mmol) was 
added. The solution was refluxed for 1 hour, then it was treated as seen in example 2. Pure 
title compound (54 mg. .207 mmol, yield 53.2%) was obtained as yellow crystals. 

'H-NMR (DMSO-do): 7.89 (m, IH); 7.76 (m. IH); 7.62 (dd. IH); 7.38 (s. IH); 7.31-7.38 
(m. 2H); 7.04 (d, 1 H); 6.22 (d, I H); 3.66 (s, 3H). 



10 Example 12 

(2Z,4E)-5.(Ben/.othiophcn.2-yl)-2-mcthoxy-N-l(|,2.2,6,6.pentamerhyl).piperidin.4. 
ylI-2,4-pentadienamide. A solution of (2Z.4E)-5-(l^n2othiophen-2.yl)-2-methoxy-2,4- 
pentadienoic acid (53 mg. .20 mmol). 4-amino-1.2.2.6.6-pentamethylpiperidine (34 mg. 
0.20 mmol). l-hydroxy-7-a2abenzotiiazole hydrate (27 mg, 0.20 mmol) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiiniide hydrochloride (38 mg, 0.20 mmol) in DMF (1 
ml) was stirred at RT for 6 hot.rs. After the same work up as ..een in example 3 pure title 
compound was obtained (22 mg. .054 mmol. yield 26.6%) as white crystals. m.p.=240<'. 
'H-NMR (DMSO-d.): 7.73-7.94 ,(m. 4H): 7.33 (bs. 3H); 6.91 (d, IH); 5.99 (d. IH); 3.67 
(s,3H); 2.18 (s. 3H.); 1.62 (bd, 2H); l.42(bt, 2H). 1.06 (d, 12H). 



Preparation 10 

(E).3-(3-Methyll)enzothiophcn-2.yl)-2-pr«penal. 3-Methylhenzo|b|thiophene-2- 
carboxaldehyde (4.2 g. 23.8 mmol) w..s dissolved in dry toluene (100 ml) and treated with 
(formylmethylene)triphenylphosphorane (7.35 u. 24.2 mmol). The reaction mixture was 
heated to SO^C for 10 hers, allowed to cool and the residue was washed with 200 ml of 
hexane/Et^O 1/1 and then t.itmated with i.sopropyl ether to give pure title compound 
(2.5g. 12.38 mmol. yield 52.0%), m.p.=9()-92°C. 
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Example 13 

Methyl (2Z,4IC)-2-mellio\y-5-(3-meliiyll)cn/othiophen-2-yl)-2,4-pentadienoat^ and 
methyl (2K,4ir.)*2-iiiolh(>\y-5-(inolhylben/.othiophen-2-yl)-2,4-pentadienoate. A 

solution of (E)-3«|2-(3-nicihyllxin7.othiophen-2-yl)|-2-propenal (1 g, 5 mmol) in CH2CI2 
5 (30 ml) under niirogcn was treated with niethoxycarbonylmethyl-2-methoxy 
triphenylphosphoniuiu bromide (4.45 g, 10 mmol) and DBU (1,5 ml, 10 mmol). The 
reaction mixture was sriri-ed at room temperature for 2 hours, washed with 10% aqueous 
HCl (5 ml), saturated solution of NaHCOs (5 ml) and brine (5 ml), dried over Na2S04 and 
evaporated inidcr vacumn. The residue was purified by chromatography on silicagel 
10 (hexane/EtOAc 7/3) to afford , alter trituration with isopropyl ether, methyl (2Z,4E)-2- 
meihoxy-5-(3-nKMhylbenzoihiophen-2-yl)-2,4-pentadienoate (380 mg, 1.32 mmol, yield 
26.3%), m.p = 106- 107^, and methyl (2E,4E)-2-meihoxy-5-(methylbenzoihiophen-2-yl)- 
2,4'peniadienoate, (13 me, .()5() mmol, yield 1.0%). m.p.= 91-92''C. 

Methyl (2Z,4E}'2-mathoxy-5'(3'mcthylhcnz()ilunplutn-2'yl)-2^^ 
15 (acetone-df,): 7,84 (m, IH); 7.75 (m, IH): 7.45-7,35 (m, 3H); 7.00 (d, IH); 6.92 (d, IH); ^ 
3.80 (s,6H); 2.48 (s, 3H) 1 

Methyl (2E,4E)-2-rn(Uhoxy-5'(,i'rncthylhcnzoihiophan'2'yl)'2 ,4'pentadienoate: 'H-NMR 
(acetone-dr,): 7.81 (m, IH): 7:71 (dd, IH); 7.69 (m, IH); 7.40-7.31 (m, 2H); 7.18 (d, IH); 
6.32 (d, IH); 3.82 (s, 3H): 3.72 (s, 3H): 2.44 (s, 3H) I 

20 

Preparation / / 

(2E)-3-(Qtiinolin-2-yl)-pr()p-2-oiuil. A solution of quinolin-2-carboxaldehyde (3.5 g, 
22.3 mmol) and formylmethyienctriphenylphosphorane (6.79 22.3 mmol) in CH2CI2 
(180 ml) was treated as seen in preparation I , After a chromatography on silicagel (n- 
25 heptane/EtOAc 4/1 ) pure title compound was obtained (460 mg, 2.51 mmol, yield 11.3%) 
as grey needles. rn.p.=K5". 

Example 14 

.39- 
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Methyl (2Z.4E)-5.(quin«lin.2.yl)-2.melI,oxy.2,4-„entadienoate. A suspension of 
methyl 2-methoxy-2-friphenyI,>hosphonh,m acetate (2.22 g. 5.0 nimol) and DBU (750 mg. 
5.0 mmol) in CHaCl, (20 nil) wa.s .stirred at RT for 15 minutes. Then (2E)-3-(quinoIin-2' 
yl)-propenal (460 mg. 2.51 mmol) was added and the traction conducted as seen for 
example J. After a chromatography on .silicagel (n-heptane/EtOAc 4/1) pure title 
compound was obtained (450 mg. 1 .67 mmol. yield 66.6%) as brown crystals, m.p.=88°. 

'H-NMR (200MHz, d..DMSO): 8.36 (d. IH); 7.99 (t, 2H); 7.72-7.84 (m. 3H); 7.60 (dd. 
IH); 7.23 (d. IH); 6.98 (d. IH): 3.79 (s, 3H); 3.78 (.s, 3H) 

LIST OF ABBREVIATIONS USED IN THE ABOVE PREPARATIONS AND 

EXAMPLES 

^'"^ Registered trade mark for dtcalite 

Dimethylfomwmide 
^' Electron Impact 

AcOEt Ethyl acetate 

FAB PCS Fast Atom Bombardment / Positive ions detection 

Mass Spectrum 
Tetrahydrofurati 
'I'hemioSpray 
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Biological Assays 

Background. It is known that, upon attachment to bone» an electrogenic H"^ - adenosine 
triphosphatase (ATPase) is polarised to the osteoclast-bone interface. The pump 
5 transports massive quantities of protons into the resorption microenvironment to effect 
mobilisation of the bone mineral and to create the acidic pH required by collagenases to 
degrade the bone matrix. 

The vacuolar nature of the osteoclast proton pump was originally recognised by 
Blair [H. C. Blair at al., Science, 245, 855 (1989)| and than confirmed by Bekker [PJ. 

10 Bekker ei al., Bone Min. Res., 5, 569 (199())| and Viiananen |K.K. Viiananen et al., J. 
Cell, Biol,, 11 1, 1305 (1990)). Evidence was based upon preparations of ruffled 
membrane fragments from avian osteoclasts (obtained from the medullar bone of calcium- 
starved egg-laying hens). The resulting membrane vesicles acidify in response to ATP» 
which is easily assessed by measuring the fluorescence quench of acridine orange, a weak 

15 base which accumulates into acidic compartments. 

The biochemical pattern indicated that the osteoclast proton pump belonged to the 
vacuolar-like ATPases since proton transport was inhibited by N-ethylmaleimide (NEM), a 
sulphydryl reagent, and by bafilomycin A] , a selective inhibitor of vacuolar H"^ -ATPases 
[J.E. Bowman et a!., Proc. NatL Acad. Sci. USA. 85, 7972 (1988)], whilst it was not 
20 inhibited by ouabain, an inhibitor of Na"''/K "^-ATPases; sodium orthovanadaie, an inhibitor 
of p-ATPases, or by omeprazole or SCM 2X080, both of which are inhibitors of gastric 
H+/K -^-ATPase |.I.P. Mattson ei al., Acta Physiol. Scand., 146, 253 (1992)|. 

It is known that specific inhibitors of vacuolar ATPases, such as bafilomycin A], 
are able to inhibit bone resorption in osteoclast cultures | K. Sundqirist et at., Biochem. 
25 Biophys. Res. Cotnmtni. 168, 309-3 1 3 (1990)1 

INHIBITION OF v-ATFase PROTON TRANSPORT IN MEMBRANE VESICLES 

Preparation of crude bone microsomes from calcium-starved egg-laying hens. 

Vesicles were prepared from medullar bone obtained from tibiae and femurs of egg-laying 
30 hens which were calcium-starved for ai least 15 days. Briefly, bone fragments were 

scraped with a 24 scalpel blade, suspended in 40 ml of isolation medium (0.2 M sucrose, 
50 mM KCI, 10 mM Hepcs, 1 mM EGTA, 2 mM diihiotheitrol, pH 7.4) and filtered 
through a 100 um pore si?:e nylon mesb. T he wIkiIc procedure was peifomied at 4°C. 
After homogenisation in a potter (20 sniik. s) in 40 ml of isolation medium an initial 
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Zo J t; " ' '° — = -'-"-^'^a and 

l.qu,d „„ro«c„ a„d K,ored m .80"C. The p,x.,.i„ .o,„e,„ was dc«m,m«i using a Biorad 
cc.o.„n,e.„c M, „cco„.l„g ,„ Bradfort ,M. Bradford, .W. BlocHen,.. 72. 248 U 76)) 
For me pro,on,ransp„n assay. 5- 10 Ml of membranes wer= used. 

PurlBeatio., „r<«,eocl,.s, raon,bra„«. , „„ „f a „de nucrosomal vesicles prepared abov, 
were applied (about 0.2 ml per (ube ) on ihe mn „f , prepared above 

3 5 ml or 1 s^ •>,« . 1 „ s«P-Sradienl consisting of 

2 0^) gn„ .or 2 hours ,SW 4, Ti rotor). After centrtfugat.on the 30-45% sucrose 

"».000 g™, for I hour ,.SW 28 roror). The pellet was then resuspended ,„ I ml of 
"'^ • f <,"iC and stored at -Lc uni^l usel 

fhrtnilu^n" "'^ ~- '"^O^y^y. by measuring 

530 1 "r"''"'^' o-se (excation 490 n,n; emission 

530) afte uddtuon of ..-20 ,„ of nrembntne vesicles in , „„ of buffer contain.ng 0 2 M 
su ...se. .,0 mM KCI. ,„ „,M Hepes pH 7.4. I mM ATP.Na,, , mM CDTA , pM 

MgSO,. Results were exp,es.sed as the percent of the tnean of two conu ols, 

«si*sr ATP,« acivit,. was as.ses..ed in purified „«mb,a„e 

7'c in :r^''';,"-v "~ --'"■ion 

rcacuon med,„„, contained I mM ATP, 10 „,M HEPES-Tr,s pH «. ,,0 mM KCI 5 uM 
valinomycin. .<! uM ni<jericin, I mM CDTA Tri< Kin m 1™ is<-1. 5 um 

sucms, -nH " , A-T^^, 100 uM ammoimim molybdate, 0,2 M 

sucrose and membnuies (20 im oroieiii/mh Th^ .v.^...r ^ 

^.w u^^ piuiun/mi). J he leaction was iniiKued by Ml^SO TR^arm 

P.pe.,=, an. stopped, after ,0 mi„, by addit.on of 4 vol es of the mallttt gtn 

^agent (96-arm p,pe„e) prepared according to Chan M„„,, s,„c/,«„. 157, 375 (1986)1 
A^rba^ce at 65,, ,u„ was ,«asu,.d after 2 n,.„ using a mic^plate reader. Resa ts ' 

eanl 1 " ''""'''""^>^"- -ch e.peHment. represent ,he 

mean±sem of tnplicaies. 
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PHARMACOLOGICAL DATA: 

INHIBITION OF BAFILOMYCIN-SENSITIVE ATPASE IN CHICKEN 
OSTEOCLASTS 

5 



Ex. No 


IC50 (l^M) ATPase assay 


3 


8.6 


5 


11 


8 


0.5 


9 


10 


12 


10.6 



INHIBITION OF BONE RESORPTION 
In Vitro assays 

1) Bone resorption can be assessed as described previously in the literature fT. J. 

10 Chambers et aL, Endocrinology, J985, 1/6, 234 1. Briefly, osteoclasts were mechanically 
disaggregated from neonatal rai long bones into Hepes-buffered medium 199 (Flow, UK), 
The suspension was agitated with n pipette, and the larger fragments were allowed to 
settle for 30 sec. The cells were then added to two wells of a multiwell dish containing 
bone slices (each measuring 12 mm^). After 15 min at 37°C the bone slices were removed, 

15 washed in medium 199 and placed in individual wells of a 96-well plate. These were 

incubated for 24 hrs in a total volume of 2 ml of culture medium, consisting of 10% foetal 
calf serum in Hanks-buffered MEM, in the presence or absence of drug. The number of 
osteoclasts and bone resorption were quantified by confocal laser scanning microscopy 
(CLSM): the bone slices were fixed with 2% glutaraldehyde in 0.2 M cacodylaie buffer 

20 and the osteoclasts on each bone slice were stained for lariraic-resistant acid phosphatase. 
After counting the number of large, multinucleated, red-stained cells, the bone slices 
were immersed in \{)% sodium hypochlorite for 60 min to remove cells, washed in distilled 
water and sputter-coated with gold. The entire suiface of each bone slice was then 
examined in CLSM. The number and the size of the osteoclastic excavations, the plain 

25 area and the volume of bone resorbed was recorded. Results were expressed as mean pit 
number per osteoclast, meati area per osteoclast or mean volume per osteoclast. 
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2) Inh.b.lion of PTM-.stinu.lale<l -Ca^ release from pre-.nbelied foetal rat long 

bone. The assay is based on ,ha. descril^d by Raisz (./, Clin. Invest. 44:103-1 16 1965) 
Time-mated Sprague-Dawley rats were i.ijected si.bcinaneoi.sly with 200 mCi of ^^CaCI2 
on the 18th day of gestation. On the following day. the foetuses were removed aseptically 
and the rad.i and ulnae we.^ dissected free of adjacent soft ti.ssue and the cartilaginous 
ends.and.thenculturedfor24hra.37°CinBGJmediumconta.ning 1 mg/ml BSA The 
bones were then transferred to fresh median, containing the test con.pounds (0. 1 - 50 a M) 
with and without PTH (1 2 nM) and were incubated for an additional 48 hr. The media 
were collected and the bones extracted to detem.ine the mean % calciun. release by 
scmt.Ilat.on counting. Results were expres.sed as the % inhibition compared to the amount 
Of calcium released from cultures incubated with PTH alone 



In vivo fis^^yg 



Prevention of rctinoid-induced hypercalcaemia. The method used was that described 
by Trechseletal..(./.C/... «0: 1679- 1686, 1987). Briefly, male Sprague-Dawley 
rats weighing 16()-2(K) g (1(, per group) were thyroparathyroidectomi.sed and were treated 
subcutaneously wuh the retinoid Ro I 3-6298 (30 pg/day) for three days and this was 
found to significantly mcrease blo..d serun, calcum. hy 4-5 n.g/I(,() nil. For inhibition of 
this effect, rats were treated simuhaneously wnh cest compounds i.v. or p o at 0 1 - 100 
m^^kg. or vehicle and blood calcium was n.casurcd as descr.bed above, before treatment 
and one day after the last administration. Results wore expressed as % inhibitio.i with 
respect to vehicle-treated animals. 

Prevention of bo.ie loss in osteoporosis induced by ovariectomy and immobilisation 

Seven groups of 10 Sprague-Dawley rats <2()() g) underwent ovariecton.y plus neurectomy 
of the .scatic nerve in the r:gh, h,nd limb, while one grot.p was shan.operated according 
to the method described by Hayash, e. al.. iBone 10:25-28. 1989). It was.demon.strated 
that a steady-state was attained .n the amount of trabecular bone lost 6-12 weeks after the 
operations. During a 6-weck per.od. the operated an.mais rece.ved the test compounds 
(0. 1 - 100 mg/kg P.O. u...d.). or vehicle. At the end of th.s treatment penod. the an.mals 
were sacnf.ced and the tibia and femur of the hind limb removed. The tibia wet and dry 
weight were deternmied. and the density (displacement of water) and ashes content (total 
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weight, calcium and phosphorous conteiu) also measured. The femur were fixed in 10% 
formaiin, de-mineralised in 5% foniiic acid and the coronal midshaft and longitudinal 
section of the distal metaphysis cut and stained with haematoxilin and cosin. 
Histomorphometric evaluation was made using a semi -automated image analyser 
5 (Immagini & Computer, Milan, Italy). In the distal metaphysis, the % trabecular bone 
area in the secondary spongiosa (which is the trabecular bone 1 mm from the epiphyseal 
growth plate to about 4 mm towards the midshaft giving a total area of 5 mm^) and the 
number of trabeculae (according to Parfitt et al., Bone Min, Res, 2: 595, (1987)) v^ere 
determined in all animals. In the midshaft, the medullary, conical (CA) and total (TA) 
10 cross-sectional area was measured and the conical index (CI) determined from the formula 
CI = CAATA. 

Prevention of bone loss in ovariectumised mature rats. The methodology employed is 
based on that described by Wronsky et al. [J. Bone 387 (1991)|. The bone 

15 loss, prevalently cancellous, occuring after the surgery is monitored by dual emission X- 
ray absorptiometry (DEXA) mea.surements of bone mineral density (BMD) of long bones 
and by HPLC measuremenis of urinary levels of products of bone collagen breakdown, 
such as the cross-link residues pyridinoline (PYD), deoxypyridinoline CDPD) and lysine 
glycosides, i.e. galaciosyl-hydroxylysine (GHYL) and glucosyl-galaciosyl-hydroxylysine 

20 (GGHYL). 

Groups of 7-10 female Sprauuc-Dawlcy rais. about 90 days old and weighing 2(X)-250 g 
are used. Rats are anesthetised by sodium pciuobarbital (35 mg/kg i.v.), laparotomy is 
performed and ovaries are bilaterally removed . Wounds are adecjuately disinfected and 
sutured. A group is sham operated. Duriri^ a 4-vveck experimental period, the operated 
25 animals receive test compour^ds in the appropiaie vehicle (0. 1-KK) mg/kg p.o. u.i.d.) or 
vehicle alone, 

Twenty-four-hr urine samples are colkctcd ioi PYD, DPD. GHYL and GGHYL 
detemiinations before and 2, 4, 8, 11, 15. 18. 22 and 25 days after surgery. The aliquots 
of urine are frozen and stored at -20"* C until HPLC analysis. 

30 Before and at the end of the experimenial period, the bone metaphyseal mineral densities 
of left distal femur and proximal tibia were evaluated ui vivo using lightly anaestheused 
animals. Results are expressed as % of prevention versus vehicle treated animals. 

OTHER THERAPEUTIC UTILITIES: 
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b. <te,em„„cd by accondinn ■„ ,he following me.hodK whi.h are incorpr»,ed herein: 

■„.^!rTf 7' ""'""''"'^ disclosed in published 

™r , . -"'-r9,V.S652; in pan,e„,ar .he .creen en,ploycd, 

!„"r"' ""^"-"-^ °/0«..to«y. 3. issue 10. Oc,. 

x^'oy, Lippincott. 

2. A„,ivtal acdviiy may he a«e.«ed u..ng ,he m ...ro a«ys reponed by H. Ochia, « al 

Ve^ ■ - "=P""ed in ,he luera,,,^, for example by S 

Velasquezet al..y. Mad. Chem.. 3«. 1641-1649 (199.'i) 

3^ Amiul«rac,iv„y n,ay 1. assessed ,„ ,.,„„ „si„, ,„e „,e,h„d. reported ,n ,he li.cra,„„ 

PubL. Copenaghen. 1971. /„ f„r i„h.h,„on of vacclizai.c, ,nd.ced by 

«c/ic»(M«erpy/„rtaredcsctribed.rorexample.bvE Papinie.al FFM^ J- , , 
113. IS-^-lSO (1993) • Microbiol. Ull.. 

4. Usefui.,ess in rreaung ALhein^r s d.sea.s. „,„,. l,e ,e,en,„„ed using „,„<,els .i,ro 
mouse model ovcreKp„:ss,ng hun,„n APP re,x,ned by D. Games =, aL. Na.ure, 373, 523- 

M 'TZ^TTTT' " ' 'or exan,ple by 

JVI.-K. Hu et aL, 7. CV/^;,,,. , 3S, 4 1 64-4 1 70 (| 995) 

6. Antilipiden,.c ac.i vi,v c.n he ..s.scssed a.s ,epor>ecl .n .h. luenuu.e. for example by E A L 

assessed hv • ■ ^'^-^'-^-^^ Antiathercsclerotic activity tTiay be 

asses ed by s.ng an.mal n.ode.s of athcosciero.s.s, such as the atherosCerotic rabbit 

7. Angiosta..c activity may be a.sscs.sed u.sin, the methods .eponed in the .iterature. for 
example as described by T. Ishii ct al., ./ Anrihin,.. 48. 1 2 ( 1 995 j. 
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Claims: 

1. A compound of formula (I): 




or a salt thereof, or a solvate thereof* wherein: 

Rj represents an alkyl group or a substituted or unsubstituted aryl group; 

R2, R3 and R4 each independently represent hydrogen, alkyl, aryl or substituted aryl; 

R5 and Rfi each independently represents hydrogen, hydroxy, amino, alkoxy, optionally 

substituted ar>'loxy, optionally substituted benzyloxy, alkylaniino, dialkylamino, halo, 

n-ifluoromethyl, trifluoromethoxy, nitro, alkyK carboxy, carbalkoxy, carbamoyl, 

alkylcarbamoyi, or R3 and R5 together represent meihylenedioxy, carbonyldioxy or 

carbonyldiamino: 

X represents a hydroxy or an alkoxy group wherein the alkyl group may be substituted or 
unsubstituted or X represents a group NR<^Rj wherein R^^ and Rj each independently 
represent hydrogen, alkyl, substituted alkyl, optionally substituted alkenyl, optionally 
substituted aryl, optionally substituted arylalkyi, an optionally substituted heterocyclic 
group or an optionally substituted heterocyclylalkyl group, or Rj^ and R^ together with the 
nitrogen to which they are attached form a heterocyclic group; and 

Y represents O or S and Z represents CH, CH=CH or N; or 

Y represents NR7 wherein K7 represents hydrogen, hydroxy, alkanoyl, alkyl, aminoalkyl 
hydroxyalkyi, carboxyalkyl, carbalkoxyalkyi, carbamoyl or aniinosulphonyl and Z 
represents CH=CH or N. 

2. A compound according to claim 1 , wherein Y represents O or S and Z represents 
CH, 

CH=CH or N 

3. A compound according to claim 1 or claim 2, wherein Z represents CH or CH=CH 

4. A compound according to any one of claims I to 3. wherein R ] represents methyl. 

5. A compound according 10 any one of claims 1 to 4, wherein R2, R3 and R4 each 
independently represent hydrogen. 

6. A compound according to any one of claims 1 to 5, wherein X represents N R^^ Rj. 
wherein R^ is hydrogen and represents a group of fomiula (HI ): 
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. wherem X i . X2. X3. X4, X3. X^-,. X7 and Xk are each independently selected from 
5 hydrogen, hydroxy. (C,-Q.), alkyl cycloalkyl (spirocondensed). mono or poly 

hydroxyalkyl. alkoxyalkyl, hydroxy-alkoxyalkyl. alkanoyl. alkoxycarbonyl. aminoalkyl 
(optionally alkylated or acylated at nitrogen); 

orone of X4 with and X. with represents a C2.4 alkylene chain and the remaining 
variables X , X3. X7 and X7 each independently represent hydrogen, hydroxy, lower alkyl 
(C.-C). cycloalkyl (spirocondensed). mono or poly hydroxyalkyl. alkoxyalkyl. hydroxy- 
alkoxyalkyl, alkanoyl. alkoxycarbonyl, aminoalkyl (optionally alkylated or acylated at 
nitrogen); and X5 represents hydrogen or lower alkyl. mono or polyhydroxyalkyl. mono 
or dtaminoalkyl, aminocarbonyl. alkyl, carboxyalkyl. carbalkoxyalkyl. aiyl, heterocyclyl 
acyl, carbamoyl, alkylamino(cyaniniidoyl). aminoalkanoyl. hydroxyalkanoyl. 
15 7 A process for the preparation of a compound of fomu.la (I) or a salt thereof or a 
solvate thereof, which process comprises reacting a compoinid of formula (II): 




(II) 

wherein R2. R3. R4. R,, R^^. y z are as defined in relation to fomnila (I), with a 



R 



20 reagent capable of converting a moiety of fonnula 
formula (a); 




3 

O 



p into a moiety of 




Rj O 

-4X- 



(ii) 
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wherein R] , R2, R3, R4 and X are as defined in relation 10 formula (I); 

and thereafter, as necessary, carrying out one orniore of the following reactions: 

(i) convening one compound of fomiula (I) into another compound of formula (I); 

(ii) removing any protecting group; 

5 (iii) preparing a salt or a solvate of the compound so formed. 

8. A phamiaceuiical composition comprising a compound of formula (I) as defined 
in claim 1, or a salt thereof or a solvate thereof, and a pharmaceutically acceptable carrier 
therefor. 

9. A compound of formuUt (I) according to claim 1 , or a phamiaceutically acceptable 
10 salt thereof, or a pharmaceutically iicceprable solvate thereof, for use as an active 

therapeutic substance, 

10. A method for the treatment and/or prophylaxis of diseases associated with over 
activity of osteoclasts in mammals which method comprises the administration of an 
effective non-toxic amount of a compound of formula (I) according to claim I, or a 

15 pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solv&te thereof. 
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